
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



UC-NRLF 



^B 5ST b& 



AB 



n. fT 



M 



-*ff*<»^ 



THE VAN NOSTRAND SCIENCE SBEIBS« 






Mi 



Hi 
Ml 

lit 



in 

m 



^» 



ffl 

M 

4 



PC 
o 

< 
o 

o 

CO 

w 
> 



.IM^At 






K 

i* 






lEB* By 

fOJTor 

OfllK. 

LB. 

NIC. BjT 
inri tkm 







TBE tTAK NOSTRAND SCIENCE ASRJK ' 

No. M.-«TRENGTH OF BEAMS UNDER TRANSVfiRSB 
LOADS. By Prof. W. Allan; author of "Theory 
of Arches." Second edition, revised. 

No. 20.— BRIDGE AND TUNNEL CENTRES. By John B. 
McMaster, C.E, Second edition. 

Wot. tl.-SAFETY VALVES. Second Edition. By Biohaxd 
H. Buel, C.E. 

No. ».— HIGH MASONRY DAMS. By E. Sherman GoTild. 
M. Am. Sec. 0. E. 

No. 28.— THE FATIGUE OF METALS UNDER REPEATED 
STRAINS. With various Tables of Results and 
Experiments. From the German of Prof. Ludwig 
Spangen burgh, with a Preface by S. H. Shreve, 
A.M. 

No. 84.— A PRACTICAL TREATISE ON THE TEETH OF 
WHEELS. By Prof. S. W. Robinson. Second 
edition, revised. 

No. 25.— ON THE THEORY AND CALCULATION OF CON- 
TINUOUS BRIDGES. By R. M. WUcox, Ph. D. 

1,0. 28.— PRACTICAL TREATISE ON, THE PROPERTIES 

OF CONTINUOUS BRIDGES. By Charles 

Bender, C.E. 
No. 27.-ON BOILER INCRUSTATION AND CORROSION. 

By F. J. Rowan. New Ed. Rev, by F. E. Idell. 
No. 28.— TRANSMISSION OF POWER BY WIRE ROPES. 

Second edition. By Albert W. Stahl, USN. 
No. 2&.— STEAM INJECTORS. Translated from the French 

of M. Leon Pochet. 
No. 80.— TERRESTRIAL MAGNETISM AND THE MAG- 
NETISM OF IRON VESSELS. By Prof, Fair- 

man Rogers. 
No. Sl.—THE SANITARY CONDITION OF DWELLING- 
HOUSES IN TOWN AND COUNTRY. By 

George E. Waring, jun. 
No. a8.-CABLE.MAKING FOR SUSPENSION BRIDGE& 

By W. Hildebrand, C.E. 
No* 88.— MECHANICS OF VENTILATION. By George W. 

Rafter, C.E. New and Revised Edttlon. 
Na 84.-FOUNDATIONS. By Prof. Jules Gaudard, C.E. 

Second edition. Translated from the French. 
No. 86.— THE ANEROID BAROMETER : ITS CONSTRUO 

TION AND USE. Compiled by George W 

Plympton. Eighth edition. 
No. 86.— MATTER AND MOTION. By J. Clerk Maxwell, 

M.A. Second Arnerican edition. 
No. 87.-GEOGRAPHICAL SURVEYING ? ITS USES, 

METHODS, AND RESULTS. By Frank De 

Yeaux Carpenter, C.E. 
tfo. 88.— MAXIMUM STRESSES IN FRAMED BRIDGES. 

By Prof. William Cain, A.M., C.E. 

New and revised edition. 



Digitized by 



UoogTe" 



TAS JfOSntAMB acuunoB 



Ko. m.^A HANDBOOK OF THE ELECTBO-MAONBHO 
TELEGRAPH. By A. E. Loring. 

Ho. 40.— TRANSMISSION OF POWER BY COMPRESSED 
AIR. By Robert Zahner, M.E. Second editiM. 

Ka 41.— STRENGTH OF MATERIALS. By WUUaa Kent, 

0. E., Assoc. Editor, Engineering News, Second Ed. 

No. 42.^THEORY OF STEEL-CONCRETE ARCHES, AND OF 
VAULTED STRUCTURES. By Prof. William Cain. 

Ko. O.— WAVE AND VORTEX MOTION. By Dr. ThOBUM 

Craig, of Johns Hopkins Unirersity. 
No. 44.— TURBINE WHEELS. By Prof. W. P. Trowbridge, 

Columbia College. Second edition. Revised. 
No. 46.-.THERMODYNAMICS. By Prof. H. T. Eddy, Uiii. 

versity of Cincinnati. 
No. 4«.r-ICE-MAKING MACHINES. From th© French of 

M. Le Doux. Revised by Prof. Denton. 
No. 47.-LINKAGES ; THE DIFFERENT FORMS AND 

USES OF ARTICULATED LINKS. By J. D. a 

de Roos. 

No. 48.-THEORY OF SOLID AND BRACED ARCHES 
By William Cain, C.E. 

No. 49.— ON THE MOTION OF A SOLID IN A FLUID. 
By Thomas Craig, Ph.D. 

No. 50.-DWELLING-HOUSES: THEIR SANITARY CON- 
STRUCTION AND ARRANGEMENTS. By Prof. 
W. H. Corfleld. T 

No* 51.— THE TELESCOPE: ITS CONSTRUCTION; BTO. 
By Thomas Nolan. 

No. 68.— IMAGINARY QUANTITIES. Translated from tho 
French of M. Argand. By Prof. Hardy. 

No. 58.— INDUCTION COILS: HOW MADE AND HOW 

USED. Fifth edition. 

No. 64.— KINEMATICS OF MACHINERY. By Prof. Ken- 
nedy. With an introduction by Prof. B. H. 
Thurston. 

No. 56.-^EWER GASES : THEIR NATURE AND ORIGIN. 
By A. de Varona. 2d ed., revised and enlarged. 

No. 56.— THE ACTUAL LATERAL PRESSURE OF EARTH- 
WORK. By Benjamin Baker, M. Inst. C.E. 

No* 67.— INCANDESCENT ELECTRIC LIGHTING. A 
Practical Description of the Edison System. By 
L. H. Latimer, to which is added the Design and 
Operation of IncandeBcent Stations. By C. J. 
Field, and the Maximum Efficiency of Incandes- 
cent Lamps, by John W. Howell. 

No. B«.— THE VENTILATION OF COAL-MINES. By W. 
Fairley, M.E., F.S.S., and Geo. J. Andr4. 

No. BOL— RAILROAD ECONOMICS : OR, NOTES, WTTfl 
OOMMENK ByaW. RobiiisoD,O.B. 



yL^oogle 



Potable Water 

AND METHODS OF 

DETECTING IMPURITIES. 

BI 

M. N. BAKER, Ph. B., 0. E., 

Associate Editor, '* Engineering News " 
Editor, "The Manual of American Water-Works." 
Author, '* Municipal Engineering and Sanitation." 



Second Edition, Revised and Enlarged. 




NEW YORK : 

D. VAN NOSTRAND COMPANY, 

23 Murray and 27 Warren Sts., 

1906. 




,y Google 



Copyright, 1899, 1906, by 
D. VAN NOSTBAND COMPANY. 



,y Google 



other Works by M. N. BAKER. 



Sewerage and Sewage Purification. 

Van Nostrand Science Series. I0.50. 

Sewage Disposal in tfie United States 

(By M. N. BAKER and Q. W. RAPTEH) 

Illustrated with half-tone cuts, folding plates, 
diagrams, and tables. 8vo, cloth. $6,00. 



155835 



,y Google 



,y Google 




The object of this volume is to pre- 
sent clearly and briefly the essential 
qualities of potable water, how it may 
be obtained and the significance of 
chemical, bacterial and microscopical 
tests of its quality, both in themselves 
and relatively. There is also some dis- 
cussion of the value of pure water, the 
relations between water and disease, 
and typhoid fever records as an index 
of the purity or impurity of public 
water supplies. 

The need for some such concise, non- 
technical review as is here attempted 
has often been impressed upon the 
author, and will be evident, on reflec- 
tion, to all who have had occasion to 
give attention to the subject. There 
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are to-day some 5,000 cities and villages 
in the United States and Canada which 
have a public water supply, while a hun- 
dred or more are added to the list each 
year. A large proportion of these supplies 
are lacking in one or more of the essen- 
tials of potable water, comparatively few 
being treated in any manner to make 
good their deficiencies. Many of the very 
worst supplies are delivered to our larg- 
est cities, but this condition has been rap- 
idly changing of late. An earnest agita- 
tion for better water is now in progress 
throughout the country. It is daily in- 
creasing in strength and already includes 
hundreds if not thousands of seekers for 
information that will throw light on their 
specific local problems. Most of the 
books on water supply now available are 
technical in character and relate to the 
design and construction of water supply 
and purification plants, to the technique 
of water analysis, or are devoted prin- 
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cipally to statistics showing the effect of 
the quality of water on the typhoid 
death-rates of cities. These books are 
most excellent, but many searchers for 
knowledge wish something less detailed 
and technical, at least to begin with. 
Engineers and many water-works 
superintendents must, of course, plunge 
deeply into the subject, but hosts of 
superintendents of smaller works, to- 
gether with water commissioners, mem- 
bers of boards of public works, health 
boards and city councils, mayors, phy- 
sicians and public-spirited citizens, both 
men and women, now find themselves 
for the first time confronted with tKese 
important problems of pure water sup- 
ply and desire to learn something about 
them without the expense of time or 
money required by extensive treatises. 
It is for such people, and for students 
in technical and medical schools that 
this volume is more especially designed. 
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it may shock some people to have it 
suggested that physicians and members 
of boeu-ds of health axe in need of ele- 
mentary training in matters pertaining 
to pure water. But such is the case. 
Until within a few years neither our 
medical nor engineering schools gave 
any adequate instruction in sanitary 
matters, and it is to be feared that some 
of each class axe still deficient in that 
respect. 

The author does not expect that 
those who have paid close attention to 
all phases of water supply for years 
past, whether engineers or otherwise, 
will learn much from this volume. To 
these, and to all who wish to pursue 
the matter further, recourse may be 
had to the following books : Keports of 
the Massachusett's State Board of 
Health smce 1899; Hill's "Public 
Water Supplies"; Hazen's ''Filtra- 
tion of Public Water Supplies ' ' ; Fuer- 
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tes "Water Filtration Works*'; Eirk- 
wood's "Filtration of River Waters"; 
Mason's "Water Supply, Chemical and 
Sanitary ,'' and his "Examination of 
Water '' ; Frankland's " Micro-Organisms 
in Water" ; Rafter's ** Microscopical Ex- 
amination of Potable Water " ; Whipples' 
"Microscopy of Drinking Water"; Fuer- 
tes' "Water and Public Health"; Fan- 
ning's "Water supply Engineering"; Tur- 
neaure and Russell's " Public Water Sup- 
plies " ; Weston's " Report on Filtration 
Tests at Providence"; Gould's "Elements 
of Water Supply Engineering" ; Fuller's 
" Water Purification at Louisville " and 
also his Report on the Cincinnati experi- 
ments; the Report of the Filtration Com- 
mission of Pittsburgh, by Hazen, Sedg- 
wick and others ; the ** Journal of the New 
England Water- Works Association" and 
other technical societies ; the files of the 
" Engineering News," " Engineering Rec- 
ord," and other engineering journals. 
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In concliision, it should be said that 
this volume replaces one in this series 
with practically the same title, but other- 
wise entirely dissimilar, by Charles 
Watson Folkard and others, published 
about twenty-five years ago. The origin- 
al volume consisted of a paper and dis- 
cussions before the Institution of Civil 
Engineers. Nothing could better illus- 
trate the progress of sanitation than a 
comparison of many of the ideas express- 
ed in the earlier volume with the theory 
and practice of the present day. The 
present volume has been written without 
regard to the contents or methods of the 
earlier one, and is in every respect ex- 
cept name an entirely new book. The 
present edition of this volume has been 
revised throughout, partly rewritten, and 
some new matter has been added. 

M. N. B. 
. 220 BBOADway, Kbw Yobk, 
cTan. 22» 1906. 
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POTABLE WATER. 

V Potable water is water suitable for 
drinking, whether made so by nature or 
art. While less than one per cent, of the 
water supply of a city is used for drink- 
ing and culinary purposes it is the almost 
universal practice to attempt to have the 
other 99 per cent, potable water also* 
This is due partly to the great cost and 
inconvenience that would result from a 
dual supply and partly to the danger 
that if two supplies were available that 
one would be taken for drinking pur- 
poses which happened to be most con- 
venient at the moment, regardless of its. 
quality. Without pursuing this phase 
of the subject further, it may be as- 
sumed that under present conditions, 
the whole water supply of a city or town, 
must be potable. 

The quantity of water which, generally 
speaking, may be considered as sufficient 
for a city supply is a daily average of 100 
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gaUons per capita. To secure this 
amount of potable water is becoming 
more difficult year by year. This is due 
io a variety of reasons, chief of which 
are increasing urban populations and a 
standard of purity which is constantly 
rising. The increase in population makes 
the problem doubly hard, because it 
means a demand for water in advance of 
the rate of accession to the population, 
owing to a disproportional waste of water 
and a diminution in the quantities of 
pure water available. All these things 
join in making determinations of the 
potability of water much more essential 
and far more in demand than heretofore. 
In the case of existing supplies it be- 
comes necessary to study them closely 
to determine whether they are approach- 
ing the danger limit, and what, if 
anything, can be done to avert the 
danger, either by diversion of pollu- 
tion or some method of purification. 
When it is decided to go afield for new 
sources of supply these must be studied 
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with great oa,re. Where purification is 
attempted frequent and careful examina- 
tions of the water must be made to de- 
termine whether the best results are being 
attained at a minimum expense. 

The foregoing considerations suggest 
the following outline of the contents of 
this volume: 

I. What constitutes potable water. 

II. How potable water may be secured. 

III. How to detect impurities. 
ly. Some notable laboratories. 

To avoid possible misunderstanding, 
it may be said here that the aim of this 
little book is not to present a manual on 
any phase of water- works design or con- 
struction, or on the examination of water, 
if that were possible in so small a com- 
pass. What is desired is to indicate 
clearly the proper standards for potable 
water, how these may be realized, and 
how the results actually attained may be 
judged. 
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WHAT CONSTITUTES POTABLE WATER. 

The most vital quality of potable water 
is freedom from those polluting sub- 
stances which are the direct causes of dis- 
ease. But disease germs give no physical 
evidence of their presence, until after 
more or less elaborate culture, while color, 
turbidity, taste and odor are readily appre- 
ciable and may be very annoying to the 
eye, tongue and nose. Hence, to the 
popular mind water is judged by its ob- 
vious physical characteristics first of all. 
On this account it is often hard to arouse 
the water consumer and taxpayer to the 
importance of avoiding the use of sewage- 
polluted water, when harmless odors or 
color would give rise to a storm of pro- 
test and an urgent demand for the ex- 
penditure of money for their removal. 
Classed in order of importance the essen- 
tials of potable water are as follows: 
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(1) Freedom from disease germs, 

(2) Absence of substances that derange 
and undermine the human system. 

(3) Freedom from suspended matter, 
or turbidity. 

(4) Absence of color. 

(5) Absence of odor and taste. 

(6) Coolness. 

The disease germs most to be feared 
in drinking water are typhoid fever and 
cholera, both of which are due to sewage 
pollution. There is so little cholera in 
America that it is generally dismissed 
from consideration after having been 
mentioned. This is quite permissible, 
since all that is said regarding the pre- 
vention of the spread of typhoid fever 
through water applies equally to cholera. 
Typhoid fever is so very prevalent here 
that it merits far more consideration than 
it receives. Undoubtedly it would be 
rapidly exterminated, or reduced to small 
proportions, if the domestic water supply 
of city and country alike were permanent- 
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ly freed from contamination by human 
.excreta. There would still remain milk 
and other food as means of infection, 
but with pure water for cleansing dairy 
ntensils and diluting milk this source of 
danger, second only to water, would be 
almost wholly cut off. Infection through 
food other than milk is probably very 
small, except where conveyed by flies from 
improperly exposed and disinfected privy 
vaults to kitchens, pantries or dining 
tables. The close relationship between 
water supplies and typhoid fever will be 
discussed in a subsequent portion of this 
book. 

Infectious diseases other than typhoid 
fever and cholera, if ever conveyed by 
water to any marked extent, would also 
be subjected to reduction in like manner 
by freeing water supplies from the effect 
of sewage pollution. Aside from infec- 
tious diseases, the digestive tract is more 
or less subject to derangement through 
the use of water containing matter in 
suspension, whatever its origin. Organic 



,y Google 



17 

matter in considerable amounts may 
cause diarrhoea or dysentery, especial- 
ly if it is derived from sewage ; and it 
V is possible that diarrhoea may be con- 
veyed from person to person by water. 
Generally speaking, any of the min- 
eral salts found in water would be 
objectionable to the taste or smell 
before becoming strong enough to 
lead to harmful restdts, except pos- 
sibly the carbonates and sulphates 
causing hardness. Changing suddenly 
from hard to soft or soft to hard 
water causes much annoyance, to 
say the least, to some people. 

Lead poisoning may be mentioned 
here, although this comes, if at all, 
through the action of water of cer- 
tain classes in its passage through 
lead pipes. 

Turbidity, or suspended matter, is ob- 
jectionable both because of its possible 
derangement of the human system, as 
mentioned above, and on account of the 
bad appearance it imparts to the water 
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and utensils holding it. Depending upon 
the fineness of the grains of suspended 
particles, and upon their color, it may 
cause variations in the appearance of 
water ranging from light, milky cloudi- 
ness through the whole range of grays, 
reds, yellows, browns and even to almost 
inky blackness, in coal-mining regions. 
Color may be due to turbidity, but as 
often used in analytical reports, it refers 
more to an actual stain than to mechan- 
ically suspended matter . Iron may give 
a very decided reddish color, but if this 
filters out readily it may be set down as 
due to iron in suspension. If the iron is 
so combined as to require chemical rather 
than, or combined with, mechanical ac- 
tion, for its removal, then it may be 
classed more as a stain. One of the 
most fruitful sources of X5o?or is peaty 
soil and another is vegetable matter, 
where water, for instance, comes from 
swamps, or overflowed meadows, resulting 
in what some Westerners delight in calling 
** vegetable tea." Color may also be due 
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to the development of low forms of or- 
ganic life in the wat^er. 

Odor may be caused by the gases of 
decomposition of either animal or vege- 
table matter j by the decay of inert mat- 
ter, or by the life processes of some of 
the lower organisms. Like color, it is 
seldom directly harmfid, but it may be 
very annoying, or even nauseating. 
Nothing will raise a greater storm of 
protest against a water supply than some 
of the odors due to the life or decay of 
algae and similar lower organisms. 

Coolness is essential to the agreeable- 
ness rather than the healthfulness of 
water, although partly through custom 
it has come to be considered one of the 
prime essentials of drinking water. It 
is rarely the case that coolness can be 
allowed much or any weight in choosing 
between sources of water supply, except 
where comparatively limited quantities 
are to be provided. Generally speaking, 
underground sources yield water many 
degrees cooler than surface sources and 
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other things being equal this might be 
an important factor in deciding between 
two sources. One seldom sees it men- 
tioned in an engineer's report on supplies 
of any magnitude, but in setting forth 
the attractions of cities and towns much 
stress is often placed on the fact that 
cool artesian water is available. The ef- 
fect of such a supply in reducing ice bills 
might be quite large, as a whole. In 
most cases, other factors than coolness 
would have a preponderating influence in 
selecting a water supply, especially since 
water may be so readily cooled by ice. 
This suggests the importance of pure ice 
supplies, so the expenditure of huge sums 
for securing pure water may not be nul- 
lified by polluting the latter with impure 
ice. In general it may be said that ice 
should be cut or manufactured only from 
potable water. Freezing is not a safe- 
guard against disease germs, but there is 
a tendency for the organic impurities to 
be forced downward as the ice forms on 
natural sheets of water, so unless the 
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water is shallow the ice formed on streams 
or lakes may be somewhat purer than the 
original water. Artificial ice has the im» 
purities, if any, concentrated in the cen- 
ter of the cake. It is common to distill 
or filter (sometimes boifi) water used in 
making artificial ice. Every housekeeper 
and head of a family should look care- 
fully into the source of the ice supply. 
It is safer, in any event, to place ice 
around rather than in contact with water 
or food which is to be cooled, as then 
there is much less chance of contamina- 
tion. This may result in an actual saving 
of ice and have the further advantage, in 
the case of water, of not producing so low 
a temperature and thus so much possible 
harm from drinking ice water. It is ob- 
vious to any person who has watched the 
cutting or manufacture, storage, trans- 
portation and delivery of ice that even if 
naturally pure it may become infected 
with disease germs before it reaches the 
ice chest or water cooler. A little re- 
flection along this and similar lines will 
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afford possible explanations of some of 
the *' mysterious dispensations of Provi- 
dence," and the spontaneous origin of 
disease, regarding both of which, happily, 
we hear less now than a few years ago. 

Before leaving the consideration of 
what constitutes potable water a few 
words may be said regarding its advan- 
tages, for certainly they are fully appre- 
ciated in but few cities or towns, although 
there are great contrasts in this respect 
and there has been much improvement of 
late. The existence of intimate relations 
between water and health is accepted al- 
most universally by all intelligent people, 
but it is unfortunately true that sanitary, 
like* moral, principles, are much more 
readily accepted as abstract truths than 
made a part of daily practice. Thou- 
sands and thousands of men and women 
in their prime, and bright and promising 
youths, are sacrificed yearly to typhoid 
fever caused by drinking sewage-polluted 
water. To every such death there are 
from five to ten cases of sickness and re- 
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corery from this disease, which geixerally 
runs a wearisomely long course. Besides 
the typhoid there are many other and 
minor instances of bowel troubles. Al- 
lowing only 25,000 deaths from water- 
borne typhoid annually in the United 
States, and only six cases to each death, 
there would be 150,000 cases. For every 
reported case of typhoid with sickness 
extending over some weeks, it is safe to 
assume two cases, or 300,000 in all, of 
unreported typhoid and of water-borne 
diarrhoea and dysentery of longer or 
shorter prevalence.* This is an enor- 
mous debit against impure water. But 
it is far from being all. Everything that 
diminishes the natural attractions of water 
for drinking and bathing purposes, Uke 
turbidity, color, bad tastes and odors, 
tends to lessen the sum total of healthf ul- 
ness and vitality. Scores of cities might 
be named where the water delivered to 



• The deaths from typhoid fever reported by the U. S. 
Census ol 1000, totaled 85,879; from diairhoeal diseases 
46,907. 
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•consumers regularly, or at frequent inter- 
vals, is so muddy as to make the thought 
of bathing in it repulsive; it suggests 
anything but cleanliness. Waterof some 
sort is simply indispensable. The differ- 
ence between the value of pure and im- 
3)ure water supplies is well nigh, if not 
absolutely, inestimable. 

Though outside the scope of this vol- 
ume, it may properly be noted in passing 
that the qualities that make water pota- 
ble also enhance its value for many in- 
dustrial purposes, so there is added reason 
ior insisting on having only pure water. 
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HOW POTABLE WATER MAY BE 
SECURED. 

Having outlined the characteristics ancJ 
value of potable water it is in order ta 
inquire how it may be secured, or, being 
secured, how it may be preserved from? 
threatened contamination. 

The natural aim is to search out and 
appropriate some source of supply which 
yields water possessing the desirable qual- 
ities already described. If the search is 
vain then artificial means mtfst be pro* 
vided to make good nature's omissions or> 
more likely, man's commissions. 

Water supplies may be divided broadly 
into two great classes, surface and under- 
ground. Surface supplies are drawn from 
streams, lakes, or artificial reservoirs,an(i 
underground water from wells or filter gal- 
leries. Barring the collection of atmos- 
pheric dust and bacteria in its downwardt 
passage, rainwater is as pure as it can b^ 
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made by nature^s great distillery. It is after 
striking the earth, for the most part, that 
it becomes contaminated. In running over 
or through the earth it takes up mineral 
salts and organic impurities, gathering 
most of the former when passing through, 
and most of the latter when passing over 
the earth. The upper part of the crust 
of the earth is a great filter, which re- 
moves nearly all the suspended matter 
and also removes, or else transforms, 
most of the organic matter taken up by 
the water as it passes over the earth's 
surface, provided the journey is long 
enough. Underground supplies, there- 
fore> unless taken near the surface, 
or subjected to special and immediate 
sources of pollution, are generally 
freer from organic impurities and bac- 
teria of all sorts than are surface supplies, 
while the latter are more liable to con- 
tain only small quantities of mineral 
salts. Deep wells, in some parts of the 
country, yield water so heavily charged 
with mineral matter or with gases as to 
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be beyond all possibility of domestic usgl 
Even the water from comparatively shal- 
low wells may be quite hard. But sur-^ 
face supplies gathered where limestones 
outcrops largely may also be hard, and 
in the West and Southwest some surface- 
supplies take up so much alkali from tha 
soil as to be unfit for any purpose. 

Water gathered from cultivated field® 
is liable to contain much organic matter^ 
inert and active, and clay, silt or sand im. 
addition. Water from woods, meadow* 
or swamps may contain much vegetables 
organic matter, objectionable in itself, or 
furnishing food to low forms of life that- 
give rise to unpleasant tastes and odors. 

Last, but not least, sewage pollutioni 
must be mentioned as the most danger- 
ous of all sources of contamination.. 
Where considerable quantities of water 
are involved sewage affects surface sup- 
plies far more extensively than under- 
ground, but small supplies from shallow 
public or private wells may be infected 
by one or a few privy vaults or cesspools^ 
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the great inenacea of the water supply of 
country houses and of villages without 
public water supplies and sewerage sys- 
tems. 

In matters of water supply, above all 
things else, even the appearances of evil 
ishould be shunned; so the first principle 
of securing potable water is to avoid all 
supplies known or liable to bo polluted 
and to choose those above suspicion. 
Where polluted water cannot be avoided 
every effort should be made to stop the 
pollution and if this is not sufficient, 
then the water must be purified. 

In case a water- works plant is being 
established, or a new source of supply 
added, the first object should be to select 
water of the highest standard of purity. 
The qualities to be sought are so impor- 
tant that they may be mentioned again: 
[Freedom from disease germs, substances 
that derange the human system, color, 
odor, taste and sediment. The first is 
of the most importance by far. 

The ideal plan would be never to 
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choose a water supply into which sewage, 
however small the quantity, is discharged, 
and never to allow such discharges into 
any existing source. It is difficult to 
carry out this ideal in any case and the 
magnitude of the task increases with the 
size of the supply. We are, therefore, 
sometimes forced to consider whether 
some small or remote source of sewage 
pollution may not be tolerated in order 
to render an otherwise satisfactory supply 
available, especially if all others worthy 
of consideration are much more costly. 
If the pollution be small some means of 
preventing it may often be found ; if it is 
both remote and small the danger is cor- 
respondingly lessened. But where shall 
the limit be placed? Both individuals 
and communities are loath to incur 
trouble or expense beyond a certain 
point in order to avoid remote chances of 
danger or death. Each case has to be, 
and should be, settled on its own merits. 
Eegret it though we may, it sometimes 
becomes necessary to take some risks, lest 
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the financial bnrden due to avoiding them 
be greater than can be borne. There is 
a limit by law, in some places, and by 
local public opinion everywhere, beyond 
which tax rates and bonded debts cannot 
pass. It is less of a burden on one's 
conscience and far safer for all concerned 
to urge that no sewage pollution should 
be tolerated than to name any small per- 
centage of quantity in relation to the 
total amount of water or any distance at 
which the admission of sewage could be 
winked at. 

Fortunately there is always some avenue 
of escape from death-dealing water. 
Either a natural supply may be found, 
pollution prevented by legal measures, 
purification adopted, or, as a last resort, 
a dual supply may be provided, pure 
water in very limited quantities being fur- 
nished for drinking and cooking. 

The pollution of public water supplies 
is prohibited with more or less specific- 
ness by the laws of many, perhaps all, civ- 
ilized states. But laws alone are of little 
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account unless backed by force. The re- 
(Juisite force may be that of strong public 
opinion (in fact must be, primarily) or it 
may be provided by the police power of 
the state. Unfortunately, in most of our 
states, public opinion in these matters is 
not yet strong enough to prevent water 
pollution, or to secure the passage of the 
legislation essential to that end. How- 
ever strong public opinion may be, there 
are also some who will never yield to it 
except when compelled by force, and 
when that must be exerted the proceed- 
ings should be laid down by legislative 
and judicial deliberations, rather than by 
excited mobs. We need, then, wise laws 
to protect the purity of our public water 
supplies (in fact of all public waters); 
administrative power to supervise their 
enforcement; and a capable bench to 
judge offenders and mete out punishment 
to them. The questions involved are 
often more than local or even state con- 
cerns; they are sometimes interstate and 
may be international in their scope 
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Thus far in this country we have not gone 
much i£ any beyond state control of the 
purity of water, and not far in that. The 
general government interferes at times 
with the dumping of garbage and other 
soUd refuse in navigable streams or lakes, 
but this seems to be a safeguard against 
obstructions to navigation, rather than 
to health. The legislatures of Vermont, 
New Hampshire, Massachusetts, Con- 
necticut, New York, New Jersey, Ohio 
and Minnesota have given their State 
Boards of Health more or less adequate 
supervision of the pubhc water supplies 
of the several states named, or have 
taken other notable steps for the protec- 
tion of municipal water supplies. 

It should be a misdemeanor, if not a 
crime, to discharge any polluting sub- 
stance, but more especially sewage or 
human excrement, into any water used 
for pubhc supply. This should apply even 
at points remote from water-works in- 
takes. Further, the only safe way is the 
plan now in force in Massachusetts, New 
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York and Ohio, and partly in New Jersey, 
of requiring all plans for sewerage and 
sewage disposal systems to be approved 
by the State Board of Health or a State 
Sewerage Commission. In Massachusetts 
and Ohio the plan includes water suppUes 
as well, while inNewTork the State Board 
of health may, on apphcation from the local- 
ities concerned, establish rules for the san- 
itary protection of public water supphes. 
Such supervision, to be most effective, 
should be carried out with the aid of a 
competent staff of engineers, chemists, 
bacteriologists and legal advisers, varied 
in size to meet the wants of each state.* 
The prevention of water pollution is 
a broader question than the preservation 
of water suppUes, although the latter is 
the object of greatest importance. Waters 
not used as sources of supply must be 
protected from such gross pollutions as 

• This legislation generally applies to inland or non- 



tidal waters only The protective statutes of New York 
and Pennsylvania have oeen broadened and strength- 
ened of late. Pennsylvania, in 1904, passing its nrsfc 
really adequate legislation on the subject. For a review 
of the statutes and common law decisions of the several 
states, see E. B. Goodell, water supplv and irrigation 
paper No. 162, U.S. Geological Survey (Washington, 1906). 
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will give rise to offensive odors, or de^ 
posits on the beds and banks, and an eye 
should always be had to the possible 
future use of a stream or lake as a public 
water supply. The minor aspects of the 
subject do not conflict with the main 
point, but rather safeguard it, for if aQ 
the waters of a state are under surveil- 
lance there is less chance of overlooking 
minor dangers to public water supplies. 
Strange as it may seem, most of thd 
cases of water pollution that have been 
fought with success in the courts have 
related to nuisances, or damages to ri- 
parian owners, rather than the pollution 
of public water supplies. This is due 
partly to the fact that it is far easier to 
prove injuries or nuisances due to bad 
odors or objectionable deposits than those 
involving the spread of specific diseases 
by means of water taken into the human 
system. When public opinion begins to 
realize more fully the relation between 
impure water and disease, then there 
will be a like awakening on the part 
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of the bench. The courts are gen* 
erally in advance of the general public in 
these matters, but with the present prac« 
tices regarding expert testimony each 
side in a suit can generally marshal as 
many so-called authorities 9,s the other. 
The judges feel that one theory is offset 
by another, and in the absence of definite 
and specific proof that a typhoid patient 
was brought to his bed and death through 
drinking sewage-polluted water they often 
decide in favor of the alleged polluter, 
whether the case be brought to recover 
damages for death or sickness, or to en- 
join the discharge of sewage by one mu- 
nicipality above the water- works intakes 
of another. Where the offender has been 
a private person or corporation relief from 
pollution seems to have been granted 
more readily. Cities may hesitate to 
prosecute each other, and too often one 
community suffering from sewage pollu- 
tion is inflicting like injuries, in greater 
or less degree, upon those further down 
the stream. There may be a slight ex- 
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cuse in some of these cases of failure to 
proceed against another community, but 
what shall be said of those cities and vil- 
lages which pollute their own water sup- 
plies, literally consuming their own 
sewage ? That there are such, and not 
a few, cannot be contradicted, as physical 
examinations of sewer outlets placed 
above and sometimes near water intakes 
too often show, as well as the typhoid 
death rates of these shameless and sui- 
cidal communities. 

Before passing to a consideration of 
artificial means of removing dangerous 
and objectionable qualities from water 
supplies not too badly polluted a few 
lines are demanded regarding the relation 
between water waste and impure water. 

Many a city and town is suffering th^ 
ravages of the typhoid scourge, or other 
ills, because it allows itself to be imposed 
upon by the two-fold plea of the prohib- 
itive expense of a purification plant and 
the menaces to health and infractions of 
liberty which would result from a cur- 
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tailment of the consumption, or rather 
waste. It was stated near the outset that 
an average daily supply of 100 gallons, 
per capita is commonly allowed in esti- 
mating the quantity of water required by 
a city. This is generally far more than 
can be legitimately used, but is exceeded 
by 100 to 200 per cent, in a number of 
American cities suffering from impure 
supplies. Some waste must be expected, 
but such amounts as these figures indi- 
cate are criminal, especially when the 
water is dangerous. By cutting down 
the consumption and waste to legitimate 
figures enough money might be saved in 
many suffering cities to pay the whole 
cost of purification works in a few years, 
and to meet the operating expenses as 
welL Where the water is supplied and 
paid for by meter measurement not only 
is the waste greatly cut down, but those 
who either waste or use large quantities 
of water pay for it, everyone contributing 
his proportionate share toward the ex- 
pense of the supply. If no meters are 
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used and so-called flat or schedule rates 
prevail, the careless consumer pays ex- 
actly the same as the careful one, though 
using from two to twenty times the 
amount of water. This is not only gross 
injustice, but it often robs the water de- 
partment of so much proper income as 
to greatly hamper its operations. 

If it is imprudent and unjust to let an 
ordinary supply run to waste without 
hindrance or compensation, what shall 
be said when the water has been purified 
at great expense? Even if the present 
supply of water be ample and pure the 
conditions of the future may change the 
situation completely, owing to the en- 
croachment of population on drainage 
areas, the increase of urban population 
and the even more rapid increase in per 
capita water consumption. It is there- 
fore the duty of every community not 
only to do all it can to conserve the purity 
of its water supply, but to conserve the 
volume of supply as well, against the al- 
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most inevitable day when it will become 
insufficient or need purification. 

It IB evident that if all population 
were excluded from drainage areas there 
could be no sewage pollution. The at- 
tainment of this ideal condition is possi- 
ble only when the municipaUty or private 
company owns or controls the whole 
drainage area, although there are numer- 
ous gathering grounds having and likely 
to continue to have only sparse popula- 
tions. A number of English cities o^wn all 
or large portions of the drainage areas 
from which their surface water supplies 
are gathered. Birmingham, liverpool 
and Manchester being notable examples. 
In this country such ownership to any 
marked extent is rare, but it has been 
adopted by several cities and one or 
more private companies of late. In form- 
er years the practice was quite unneces- 
sary here, owing to the scanty populations 
in the areas from which water supplies 
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were drawn, but it is becoming more and 
more urgent, as the rural districts are filled 
with the villages and the country homes 
of city workers. New York City has spent 
some millions in buyinglandand buildings 
bordering on its reservoirs and their feed- 
ers. Boston and some of the municipali- 
ties in that section have done and are do- 
ing the same thing, on a smaller and per- 
haps wiser plan. Besides this, Boston has 
contributed large proportions of the cpst 
of sewage purification plants for seyeral 
towns, and cities, in order to remove the 
sewage from its drainage areas, Roches- 
ter, N. Y., for many years, maintained a 
pail system for the removal of excreta from 
cottages oh the shores of Hemlock Lake. 
In 1895 the city secured legislative author- 
ity to acquire title to a strip of land 200 ft. 
wide, around the lake in order to make the 
protection more sure. Up to Dec. 1, 1905, 
the city had acquired 14.62 miles of lake 
frontage out of a total of 15.93 miles. All 
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cottages and hotels on the land acquired 
had been removed on the date named, leav- 
ing only a half a dozen cottages on the 
shore. A number of American <5ities have 
begun extensive tree planting on land 
bought to protect their water supplies. In- 
cluded in these are Boston, or more correct- 
ly the" Metropolitan Water & Sewerage 
Board, which is responsible for the devel- 
opment of a water supply for Boston and 
some twenty other cities and towns. — 
Woonsocket, R. I., Hartford and Middle- 
town, Conn. The private water company 
supplying New Haven,Conn., has also done 
some planting. (See "Forestry on Water- 
Works Drainage Areas.^' Engineering 
News, January 15, 1903). 

Where no land has been secured for 
the purpose under discussion, and often 
where it has, much good may be accom- 
plished by maintaining a sanitary patrol 
of the drainage area, warning offenders 
and prosecuting them when necessary. 
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It, was once considered better sanitary 
engineering to secure, even at greater 
cost, a water supply above suspicion than 
to attempt purification. This is still a 
wise i>olicy, within certain limits, but 
often it is impracticable. Moreover, there 
is a growing belief that before many 
years public sentiment and State legisla- 
tion will demand that all surface water 
Supplies must be purified in this country, 
as they must in Germany. Even a small 
amount of pollution may cause an epi- 
demic of typhoid fever, but if the water 
is purified just before being delivered to 
consumers, almost perfect safety is se- 
cured. Moreover, when this plan is pur- 
sued less remote sources become available 
or the continued use of old ones is feas- 
ible. The saving thus effected in pipe 
lines and other extensive construction will 
often go far towards the cost of the 
purification works. It must be understood 
that no general rule can belaid down here, 
each requiring a solution in accordance 
with local conditions. 
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It is also true that the particular system 
of purification to be adopted will depend 
largely on local conditions. Chief among 
these are : The character of the water to 
be treated ; the cost of land required for fil- 
ter sites and the nearness or remoteness of 
suitable filtering material j the cost of 
labor; whether extra pumping is neces- 
sary for one system and not for another ; 
and the cost of coal and of chemicals, in 
case the latter be required. 

Where the problem to be solved is the 
removal of bacteria and organic matter 
due to sewage pollution the nearly univer- 
sal practice is to filter the water. This 
may be done by means of large artificial 
beds of sand, 3 to 5 feet deep, at the rate 
of 2,000,000 to 3,000,000 gallons an acre 
daily, or by passing the water through 
tanks containing sand or other filtering 
material, at daily rates of 90,000,000 to 
125,000,000 gallons an acre. 

The first system is known as natural or 
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slow sand filtration, andth^second as rapid 
or mechanical filtration. Some writers 
also use the terms English and American, 
respectively, but these convey nothing in 
themselves, except historically, and are 
somewhat misleading in that respect. 
They have the further disadvantage of 
lending themselves to sentiment, preju- 
dice and commercialism, instead of a scien- 
tific nomenclature. In this volume slow 
sand filtration and mechanical filtration, 
or treatment, will be employed to desig- 
nate the two systems. Mechanical treat- 
ment is in some respects the preferable 
term, since the process may involve coag- 
ulation and sedimentation, as well as filtra- 
tion. Mechanical is especially appropriate 
in any case, since in this system mechan- 
ical means are used to wash the filtering 
material. In fact the whole process is 
mechanical, as compared with the natural 
processes utilized in slow sand filtration. 
For many years after the extensive use 
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of slow sand filtaration in England and on 
the continent, and its more limited adop- 
tion here, the character and scope of the 
process was unknown. This was due to 
the idea that a mass of sand, perfectly 
inert in itself, could effect no chemical 
changes* in the contents of water, and the 
consequent belief that the* only action of 
a filter bed was that of a strainer. The 
contrary could not be known in the early 
days of filter beds, because of the inade- 
quacy of the old methods of chemical 
analysis and the fact that the bacterial 
examinati9n of water had not been 
dreamed of then. The development of 
modem methods for the determination 
of the oganic contents of water, together 
with Koch's wonderful discoveries in the 
bacterial field, changed the whole con- 
ception of filtration. The organic chem- 

* Commpariti^ely little attention, in these later days, 
is given to the chemical changes in the organic con. 
tents of water, these generally being too small to be of 
any moment in themselves. In sewage purificatidn, 
however, great stress is laid upon the reduction of or- 
ganic matter by means of bacterial action. 
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ical determinations showed that matters 
in solution were reduced and sometimes 
nearly disappeared in the passage of water 
through the filter beds. This, obviously, 
could not be due to mere straining and 
was finally credited to oxidation. The 
assumption was correct, but the method 
by which the 6xidation was effected was 
still misunderstood. With the general, 
acceptance of the germ theory of dis- 
ease and the ascertainment of the dimen- 
sions and other characteristics of bacteria 
the light began to dawn, but some stum- 
bling blocks remained. It was now known 
that the deleterious effects of impure 
water were seldom caused by any specific 
chemical or chemical compound, but by 
germs with as fixed laws of development 
as the higher plants in the vegetable 
kingdom, to which bacteria belong. But 
these germs were only minute fractions, 
in size, of the voids between the grains 
of filter beds, so how could they be 
strained out by filtration ? Until bacte- 
riology was sufficiently developed to make 
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the count of bacteria an easy task it was 
strenuously maintained by ;inany that 
while filtration would effect an almost 
perfect chemical purification, through 
the removal of organic matter, it offered 
little or no restraint to the passage of 
bacteria. As soon as this development 
was attained and applied to samples of 
water before and after filtration it was 
conclusively shown that somehow the 
bacteria disappeared. 

About this time bacteriology was added 
to chemistry in agricultural research and 
it was found that manures and other 
organic matters are broken down and 
transformed into plant food through the 
agency of bacteria. It being learned 
that the process was one of changing 
unstable nitrogenous compounds into 
stable nitrates the bacteria in question 
were named nitrifying organisms. The 
discoveries of the agricultural bacterio- 
logists were seized upon by the water 
bacteriologists to explain the manner in 
which oxidation is effected. It was seen 
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that nitrifying organkans, in vast myriads, 
developed in the filter beds, seized upon 
the organic matter and aided in trans- 
-f orming it into nitrates. 

There remained to be found an expla- 
nation of the disappearance of the bac- 
teria themselves, only a small percentage 
of the original numbers of which appear 
in the filtrate, under proper conditions. 
"We now know that after a filter has been 
in use for a certain time a thin layer of 
sticky matter forms over its surface and 
thin films of the same substance cover 
each minute particle of filtering material, 
especially in the upper layers. It is these 
layers and films that retain the bacteria. 
Here the organiMns in the water, harmful 
or harmless, are retained, and here most 
of them perish, only a few inches from 
the surface. Those that penetrate deeper 
are liable to be caught in much the same 
manner, and in addition they suffer 
through lack of food, the organic matter 
on which they depend for sustenance hav- 
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ing been changed to other forms, or held 
on and in the sand abore. 

With all these facts known slow sand 
filtration takes on a new and brighter 
aspect. What once was considered a 
mere straining process is now seen to be 
due to chemical and bacterial agencies as 
well. In fact, while there were still nu- 
merous doubters of the germ theory of 
disease the leaders in bacteriology were 
fastproving that the very disease germs 
themselves were the indirect prey of other 
and harmless bacteria, or at least were 
not able to hold their own against 
the latter. Environment is a great 
force here. The disease germs are 
truly in strange and unknown waters 
when they reach the sewers, or 
a stream or body of water. Their 
natural habitat is the human body 
and there is a rapidly growing amount of 
evidence to show that they do not flour- 
ish and multiply outside it, although 
they may live for some time. 

The devlopment of mechanical filtra- 



,y Google 



50 



tion i& also an interesting story. It be- 
gan in the early days when slow sand 
filtration was believed to be only a strain- 
ing process. It was fostered by the mud- 
diness of many southern and western 
waters and by a demand for the removal 
of color and vegetable matter. To re- 
move mud, or finely divided clay and 
silt in suspension, large settling basins 
had been provided. These were often 
insufficient in size, beside which, no prac- 
ticable amount of settling would fully 
clarify the water. Filter beds might 
clear it for awhile, but muddy water 
clogged them quickly and frequent scrap- 
ings were very expensive. Chemicals 
were used to assist or hasten clarification 
in the settling basins, but the removal of 
the mud thus thrown down was also a 
costly matter. Finally, the use of chem- 
icals was combined with filtration and 
sedimentation was abandoned for the 
time. The process then became about 
as follows (sulphate of alumina being 
taken as the representative chemical, as 
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it is practically the only one in use for 
this purpose now.) On adding the sul- 
phate of alumina, or alum, to the water 
that chemical changes to hydrate of 
alumina, which has the appearance of 
large, light flakes. These passing down* 
wards or onwards through the water en- 
tangle the suspended matters. The com- 
bination is partly removed by sedimenta- 
tion, and what remains is caught by the fil- 
tering material. The rate of filtration is 
so rapid and the precipitate so heavy that 
in a short time the filtering material be- 
comes clogged. It is not only the upper 
layers, as in slow sand filtration, that are 
fouled. The great pressur a and rapid rate 
carry the impurities well into the sand or 
other filtering material, so the whole mass 
needs cleansing. By placing the sand on a 
false bottom and having a system of pip- 
ing arranged for reversing the direction 
of the water through the material, the im- 
purities may be washed out, going through 
a waste pipe to the sewer or other place 
of deposit. As the sand is likely to be- 
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<5ommon to provide a revolving rake, 
turned by steam or other available power, 
to loosen the filtering material and to aid 
in scouring it and in rinsing off the ac- 
cumulated foul matter. Sometimes the 
rake runs only at the beginning of the 
wash and again it is kept in constant 
motion, depending somewhat upon the 
ideas of the inventor or proprietor of the 
filter and largely upon those of the opera- 
tor; or instead of a rake, compressed air ad- 
mitted from below is used to agitate the 
sand, this being the more recent practice. 
As stated, this system of water purifi- 
cation came to the front when it was still 
the fashion to call filter beds mere strain- 
ers. It was easy to demonstrate physi- 
cally that the new method would remove 
sediment and color more readily than slow 
sand filtration. Some knowledge of the de- 
sirability of removing bacteria now com- 
ing to the front, it was also easy to claim 
that these were removed in great numbers 
by the close-grained layer of hydrate of 
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alumina and mud which forms on the sand 
in the filter tanks, and quite as easy to pro- 
claim that no such feat could be accom- 
pUshed by the filter beds. A lack of 
knowledge of the capabilities of ordinary 
filter beds and a lack of interest in them as 
well, since for a time the sanitarians 
scarcely spoke a good word for them in 
America, made it a light task for the 
agents of mechanical filter companies to 
introduce- their wares and to cry down 
slow sand filtration whenever any one had 
the hardihood to mention or uphold it. If 
the new process had not had its merits it 
would not have been adopted by 50 to 100 
cities before slow sand filtration began to 
come to its own in this country. But the 
mechanical filters did some remarkably 
good work and could be installed with 
great comparative quickness and at no 
very great expense. Besides these desir- 
able qualities, many of the earlier mechan- 
ical filters were of the pressure type; that 
is, were closed tanks, receiving the water 
direct from the pumping mains and pass- 
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ingitalongto tli6 distributing system,after 
teeatment, without repumping. One of 
the greatest drawbacks to mechanical 
filtration has always been the fact that any 
determined opposition to the process was 
generally sure of a common rallying point 
of the prejudiced, if only a cry was made 
against the injurious effects of alum on 
the human system, or if it was merely 
urged with persistence that the water was 
drugged with harmful chemicals. Fair op- 
ponents, unless laboring under misappre- 
hension, have not made much use of such 
claims, since observations show that when- 
ever the water in question contains suffi- 
cient carbonates and bicarbonates of lime 
or magnesia for the alum to combine with^ 
the filtrate can contain none of the latter, 
unless through over-doses of alum by 
careless attendants. 

The alum bogie was never so serious 
a drawback as the legal contentions be- 
tween rival filter companies over the al- 
leged infringement of patents. In the 
eighties, when mechanical filtration was 
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being developed and introduced, the pro- 
gress o£ the art was greatly retarded by 
patent litigation. This mattered less then, 
for slow sand filtration was still with little 
or no intelligent support in this country. 
The contentions were closed by uniting the 
conflicting interests in one company. Un- 
fortunately for mechanical filtration, the 
strife broke out afresh, between the con- 
solidated company and independent ones, 
just when unity was most needed. In Eng- 
land, Germany and Massachusetts the re- 
sults of important researches regarding 
the methods and efficiencies of slow sand 
filtration became widely known in the 
last decade of the nineteenth century. 
In 1893, an epoch in slow sand filtration 
in America was marked by the completion 
of the city plant at Lawrence, Mass. This 
was followed by others, and by the pub- 
lication of a vast mass of detailed inform- 
ation regarding the exact work accom- 
plished, both practically and experiment- 
ally, atmany difEerentpoints. "While patent 
litigation over mechanical filtration was in 
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progress, and mimicipalities were await- 
ing the results, slow sand filtration came 
so prominently to the front, with such 
definite and well-authenticated results, 
that a number of cities which shortly be- 
fore would have contracted for mechan- 
ical filters, had not the litigation oc- 
curred, now either adopted slow sand fil- 
tration or concluded to await further 
developments in both fields. 

At this point it became evident that 
mechanical filtration was gravely handi- 
capped through lack of disinterested 
scientific data. The only information 
regarding its possibilities was put for- 
ward by those having filters or filter 
rights to sell, and this information was 
for. the most part very meager. Espe- 
cially was this true regarding the bacte- 
rial efficiency of mechanical filters. The 
devices had been put on the market to 
clarify water, rather than to render it 
innocuous. 

The demand for more definite informa- 
tion led to the mechanical filter tests at 
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Providence, in 1893, by Mr. Edmund B» 
Weston, in which for the first time some 
extended and reliable data were obtained. 
But these investigations were on a small 
scale and were in some other respects un- 
satisfactory. They have since been fol- 
lowed by elaborate studies of unit plants 
on a regular working basis, with able 
forces of engineers, chemists and bacte- 
riologists in charge. In 1898 and 1899 
large volumes were published giving the 
results of such tests at Louisville, Ky., 
Pittsburg, Pa., and Cincinnati, 0., re- 
spectively. The Louisville and Cincin- 
nati tests were conducted with Mr. George 
W. Fuller as Chemist and Bacteriologist- 
in-charge. Mr. Allen Hazen wa3 Chief 
Engineer of the Pittsburg tests. In the 
Louisville tests, mechanical and electrical 
treatment were considered. In the Pitts- 
burg and Cincinnati investigations both 
mechanical and slow sand filtration were 
studied exhaustively, together with some 
other processes or modified processes 
which need not be discussed here. In all 
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three cities the two-fold problem was pre- 
sented of removing large amounts of fine- 
ly divided suspended matter and bacteria 
in high numbers. The conditions were 
far diflEerent from those at either the Ex- 
periment Station of the Massachusetts 
State Board of Health, at Lawrence, or at 
the filter plant connected with the water- 
works of the same city. In both these 
cases the problem is chiefly the removal 
of bacteria from sewage polluted water, 
the suspended matters in the Merrimac 
River only reaching at intervals of per- 
haps two or three years figures frequently 
attained at Pittsburgh and more especial- 
ly at Cincinnati and Louisville. 

Since 1898, important investigations of 
water purification have been made at 
Washington and New Orleans, reports on 
each having been published in 1900 and 
1903, respectively. 

The outcome of all these investigations 
and of the general development of both 
processes in recent years is the knowledge 
that either slow sand or mechanical filtra- 
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tion may be employed with perfect safety 
for the bacterial purification of water, and 
that either of them, combined with sedi- 
mentation, will effect a satisfactory clari- 
fication. With very large amounts of fine- 
ly divided suspended matter it may be 
more economical to employ mechanical 
than slow sand filtration. It should be 
said further that there is reason to believe 
the two systems so nicely balanced in 
efficiency, and perhaps cost, as to render 
it impossible to tell without investigation 
and careful estimates which is best suited 
to each local case. Where land and labor 
are dear and filter beds need to be covered 
to prevent freezing, there is much to be 
said in favor of mechanical filtration. 
Where the water contains large amounts 
of minute particles of clayey matter in 
suspension sedimentation is generally a 
necessity, what ever else may be done, and 
coagulation may be required also. If the 
filtering material is to require very fre- 
quent cleansings, as with very muddy, 
slow settling waters, the advantages o£ 
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some mechanical process for doing the 
work are apparent. 

Another and a great advantage of me- 
chanical filtration is its power of remov- 
ing color from the water. 

As to the relative costs of the two pro- 
cesses there has been much contention in 
the past, and there is little to be gained in 
discussing the matter, except as applied 
to specific cases. It must be remembered 
that with mechanical filtration the saving 
in capital charges due to lower first cost 
and the saving in labor is largely offset by 
the charges for chemicals. The Louis- 
ville and other city reports are veritable 
mines of information on these two sys- 
tems of treating water, as are the reports 
of the Massachusetts State Board of 
Health, beginning with 1890, on slow 
sand filtration. 

Sedimentation alone will do much 
towards clarifying some waters, especially 
those containing rather bulky particles, 
or matter of high specific gravity. For 
this purpose settling reservoirs or basins. 
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not diflEering materially from ordinaiy 
reservoirs, except in having less depth, 
are employed. These must be in dupli- 
cate or some other multiple of a single 
day's supply, so the water of one may be 
settling while that in another, previously 
filled, is being drawn upon. 

Where iron must be removed, as is the 
case with some ground waters, a combina- 
tion of aeration and filtration has proven 
successful in numerous instances. Both 
mechanical and slow sand filtration have 
been employed for this purpose, lime, as 
well as sulphate of alumina, sometimes 
being used in mechanical filters. 

Bad tastes and odors may be guarded 
against by the removal or prevention of 
conditions favorable to the development 
of lower forms of organic life, to which 
tastes and odors are largely due. Princi- 
pal among these are the stripping of 
reservoir sites of organic matter which 
might serve as food for the lower organ- 
isms, and the covering of reservoirs to 
exclude light, or light and air, without 
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"which some of the organisms in question 
cannot grow. Filtration may be em- 
ployed to remove organisms causing of- 
fensive tastes and odors, and aeration to 
remove odors, or a combination of the 
two. Aeration may also be employed to 
remove objectionable gases due to other 
causes than the life processes of low forms 
of organisms. 

A new means of combating tastes and 
odors, or the algae that produce them, 
was publicly announced in May, 1904, 
and was used with success in many 
water-works reservoirs in both 1904 and 
1905. The method is simple and relative- 
ly inexpensive, merely involving the ad- 
dition of small quantities of copper sul- 
phate to the water infested with the odor 
or taste-producing algae. This agent 
kills the algae. The species of algae giv- 
ing rise to the taste or odor should be de- 
termined with certainty in advance of 
treatment, since 1 part of the copper sul- 
phate to 1,000,000 parts of water is re- 
quired for some varieties and from that 
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down to one part in from 5,000,000 to per- 
haps 20,000,000 for others. The copper 
sulphate is applied to the water by plac- 
ing it in bags attached to the stem or 
sides of a boat and by rowing or other- 
wise propelling the boat back and forth, 
across the water to be treated.- By this, 
means the copper is dissolved and at th& 
same time distributed through the water^ 
"With proper quantities and application, 
of the copper sulphate most of the alga^ 
are killed within from a few to 24 or 45 
hours, according to the variety of the or- 
ganism and other controlling conditions* 
Care should be taken to distribute the^ 
agent throughout the whole reservoir or 
pond, and particularly in its shallow and 
stagnant portions. Some kinds of fish, 
are killed with comparatively small doses, 
of the copper, making it necessary, in. 
some instances, to know in advance the 
nature of the fish as well as the algal con- 
tents of the water. 

Some health authorities are not yet- 
convinced of the wisdom of using copper- 
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.' sulphate, 'KD^ axe awaiting the resolts of 
■ detailed studies to determine what be- 
comes of the agent and also its probable 
-effect upon human beings who drink 
treated water. The chief investigations 
along these Unes are being made by the 
Massachusetts State Board of Healthy 
which began its studies of copper sul- 
phate in 1903, but up to the beginning of 
1906 liad iDot published its final conclu- 
isaons. 

Detailed accounts of (1) the laboratory 
iinvestigations and the early field tests of 
'Copper sulphates as an algicide, and (2) 
Teports on the extended practical use of 
the agent in 1904, may be found in Bulle- 
tins 64 and 76, Bureau of Plant Industry, 
U. S. Department of Agriculture (Wash- 
ington, D. C, May 7, 1904, and April 3, 
1905, respectively). These bulletins were 
prepared by Messrs. Geo. T. Moore and 
Karl F. Kellerman, of the department 
named, to whom, and particularly to Dr. 
Moore, credit is due for the introduction 
of the method into practical use. A val- 
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liable symposium on copper sulphate as 
an algicide, and as a possible protection 
against typhoid fever germs in public 
water supplies, and on the probable ef- 
fects of copper salts on man, was pub- 
lished in the Journal of the New England 
Water-works Association for December, 
1905 (Tremont Temple, Boston, Mass). 
A great variety of opinion, some quite 
contradictory, was brought out in this 
discussion. There seemed to be general 
but not unanimous agreement that copper 
sulphate may be safely and profitably 
used as an algicide, but that as a germ- 
icide it should be used with the utmost 
caution, if at all, and then chiefly as an 
emergency measure, rather than as a sub- 
stitute for filtration or as obviating the 
necessity of a new water supply. A 
number of articles describing the applica- 
cation of copper sulphate to water sup- 
plies in different parts of the country 
have been pubhshed in the technical 
journals. A tabulation of the main facts 
relating to nearly thirty of these appUca- 
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tions is appended to the symposium al- 
ready mentioned. 

Hardness may be reduced by some 
chemical process which will remove or 
transform the carbonates and sulphates 
which cause it. Lime or some other 
chemical, depending on the nature of the 
hardness, is used as a precipitant. This 
is followed by sedimentation, and general- 
ly by filtration as well. Municipal water 
softening plants have been in use many 
years abroad, but their introduction this 
side of the Atlantic is of recent date, and 
up to 1905 the chief if not the only city 
plants in use are those at Winnipeg, Man- 
itoba, and Oberlin, Ohio. 
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HOW TO DETECT IMPURITIES. 

After what has preceded it is more 
evident than before that some quick and 
reliable method of testing the qualities 
of both natural and treated waters is es- 
sential. Without it, sources of public 
water supplies could not be chosen with 
intelligence, nor their quality properly 
conserved, while it would be useless to 
attempt to purify water if there were no 
reliable means of comparing the product 
with the original. For convenience, 
natural waters will be considered first. 
Eemembering the qualities which consti- 
tute potable water it is readily apparent 
that the analytical tests to be applied fall 
under these heads: Chemical and phys- 
ical; bacterial; microscopical. To these 
may be added visual inspection of drain- 
age areas and all foreign matter reaching 
the water, in order to detect pollution; 
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and an examination of the typhoid statis- 
tics of the community using the water in 
question, which serve as a wonderfully 
good index to sewage pollution. The 
mortality from diarrhoeal diseases may 
be studied with possible profit. No at- 
tempt will be made to present the tech- 
nique of water examination, nor to go 
deeply into the interpretation of analyses. 
There are several recent and most excel- 
lent books that do this at length. Instead, 
the general scope of water analyses will 
be outlined, with a few of the most sa- 
lient features of interpretation. Then 
some examples will be given to illustrate 
how fully and beautifully typhoid fever 
statistics indicate the relative merits of 
the water supplies of different cities and 
variations in the character of the supply 
of a single city. 

The chief physical characteristics of 
water are temperature, turbidity, color, 
odor and taste. The methods employed 
to determine these being for the most 
part quite obvious only turbidity and 
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color detenninations will be outlined here. 
One of the most recent methods of se- 
curing uniform and comparable records 
of turbidity is to note at what depth be- 
low the surface of the water under exam- 
ination some bright metal can be distin- 
guished. A platinum wire attached to a 
stick or rod graduated to inches, is often 
employed. The reciprocal of the depth 
of submergence is recorded, instead of 
the actual depth, for convenience in com- 
parison. Thus, if the wire can be seen 
25 inches beneath the surface the tur- 
bidity is 0.04; if only 1 inch, it is 1. 

Obviously the scale may be graduated 
so as to read reciprocals as well as or in- 
stead of actual deptiis, thus saving calcu- 
lations. 

A refinement on this method of deter- 
mining turbidity involves a standard of 
comparison consisting of the degree of 
turbidity corresponding to the introduc- 
tion into an absolutely clear water of a 
known quantity of silica of a certain size 
of grain. By dilution, or else by varying 
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the quantity of silica, as wide a range of 
turbidities as Inay be necessary can be 
secured. Such a standard or standards 
having been provided, natural waters in 
long tubes may be matched against the 
standards, each in its own rated tube, and 
records of turbidity made. It is also 
possible to refer platinum wire readings 
to the silica standard, by properly grad- 
uating the wire scale. Or, as a still fur- 
ther refinement, a candle or an electric 
turbidimeter, similar to the gas photome- 
ter in general principle, may be substitu- 
ted for the platinum wire method, still re- 
taining the silica standard. 

The color is determined by placing the 
water in an opaque tube, with glass at 
each end, and comparing it with similar 
tubes of standard solutions, graded by the 
decimal system. Whe^^ a solution is 
found which matches the natural water 
its number is recorded. 

In place of the standard solutions, col- 
ored disks properly rated may be used. 

Further information on the determina- 
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lion of both turbidity and color, with ref- 
erences to some of the literature of the 
subject, may be found in Water Supply 
and Irrigation Paper No. 151, "Field As- 
say of Water," by Marshall 0. Leighton, 
published by the U. S. Geological Sur. 
vey (Washington, D. C, 1905). The 
pamphlet also contains descriptions of 
field tests for iron, chlorides, hardness, 
carbonates, sulphates and calcium. For 
iron the color disks are used to measure 
the iron color, or more properly redness, 
produced by adding known quantities of 
chemical reagent to the water. For sul- 
phates the turbidimeter is used. For the 
other named constituents various chemi- 
cal tablets of rated strength are employed. 
The pamphlet describes a field outfit, read- 
ily carried by hand or on horseback, for 
making all the determinations named. 
For the most part the field assay of water 
by means of tablets was in an experimental 
stage in 1905, but gave promise of good 
results wherever a large number of com- 
parative results are more important than 
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a high degree of accuracy, as is very 
often the case. 

At this point emphasis may well be laid 
on the fact that practically the whole 
range of sanitary water analysis is a search 
for indexes of purity or impurity, rather 
than an attempt to find specific contam- 
inating matter. Of course color, turbid- 
ity, taste and odor can be recognized 
dir«5tly by three of the senses, but these 
qualities in themselves are not necessarily 
harmful. The chemical determinations 
o£ organic contents of water are designed 
to aid in tracing the history of the sam- 
ple, whether the organic matter is of veg- 
etable or animal origin, and if from sew- 
age, the nearness or remoteness, in point 
of time, of its addition to the water. 
Likewise, the bacterial examinations do; 
not reveal, unfortunately, the true char* 
aeter of the germs, but simply aid in 
pronouncing upon the probable origin of 
the organic matter, as will be set forth at 
more length later on. The microscopic 
examinations are generally sufficiently 
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definite in the identification of the larger 
organisms, and since the advent of the 
copper sulphate treatment of water for 
the prevention of algal growths, the 
microscope is of far more direct practical 
use 'to the water analyst than ever 
before. 

The chemical analyses of water are 
generally confined to determinations of 
organic matter, or substances associated 
with it, and hence indicating its presence: 
The common procedure is to test for 
albuminoid and free ammonia, nitrites 
and nitrates, as being themselves organic 
in origin ; for oxygen consumed as in- 
dicating the extent to which the free 
oxygen of the water has been taken up by 
the organic matter in the water ; and for 
chlorine, as an almost sure index of sew- 
age pollution, when found in quantities 
above the normaL 

The ammonias and niti'ogen com- 
pounds not only tell the amount of or- 
ganic matter present, but their relative 
amounts, combined with the oxygen con- 
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sumed and chlorine, are a guide to the 
character of the organic matter and the 
nearness or remoteness of the pollution 
in point of time. This will be the more 
readily understood on remembering what 
has been said regarding the changes in 
the form of organic matter wrought by 
the nitrifying organisms in ordinary filter 
beds. Whatever the origin of the or- 
ganic matter, the bacteria break it down 
&o the carbon is separated from the 
nitrogenous matter, and the latter is 
successfully transformed from albumi- 
noid to free ammonia, nitrites and ni- 
trates. Hence, if the nitrogen present 
was mostly in the form of albuminoid 
ammonia, and the oxygen consumed was 
low, it would appear that the pollution 
was recent ; otherwise the available oxy- 
gen would be low (or the required oxy- 
gen high) and the nitrogen in ^more ad- 
vanced stages. High free ammonia or 
high nitrates simply mean that the nitri- 
fying process has gone further, but is not 
yet complete, hence there is danger that 
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many disease germs may still be present 
and able to work mischief. If the ni- 
trates are high, and the ammonias and 
nitrites low, then nature has done its 
work and no more chemical changes need 
be expected, except those due to the tak- 
ing up of the nitrates for the support of 
organic life. . [^^ 

The chlorine found in water comes 
from two general sources : (1) It is con- 
densed from ocean or other watery 
vapors; or (2) it has its origin in the 
common salt universally used by civilized 
peoples to season their food. Obviously^ 
then, if we know the amount of chlorine 
normally present in the natural waters of 
a locality any excess may be attributed to 
sewage pollution, unless some other and 
special or unusual explanation is found. 
The chlorine once admitted to water re- 
mains there in solution, practically un- 
changed in any way, except by dilution 
or concentration of the water itself. If, 
therefore, a water is high in organic 
matter, and normal in chlorine, the pol* 



,y Google 



76 

lution may be attributed to vegetable 
origin; if both the organic matter and 
chlorine be high the water has probably 
been polluted by sewage. 

The normal chlorines for New England 
and for New York State, as determined 
by State Boards of Health and others, 
have been compiled by Daniel D. Jack- 
son and published as Water Supply and 
Irrigation Paper No. 144, U. S. Geolog- 
ical Survey (Washington, D. C, 1905). 
The results are presented in both tabu- 
lar and map form : the tables showing 
the amounts of chlorine, in parts per 
million, found in the normal or unpolluted 
water of numerous localities, and the 
maps showing isochloral lines, or lines 
formed by connecting all the points hav- 
ing the same normal chlorine. These 
lines are, in general, parallel with the 
coast line and show chlorine ranging 
from 6.0 parts per 1,000,000 on the coast 
to 1.0 near Concord, N. H., Springfield, 
Mass., and Newburgh, N. Y., and to only 
0.3 diagonally across Northern Maine 
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and across New York State, approxi- 
mately from Plattsburgh to Geneva and 
onwards, and 0.2 at Buffalo, N. Y. 

In making analyses for the mineral 
contents of water the results are positive 
and definite instead of being mere in- 
dexes. Pew surface waters have objec- 
tionable quantities of mineral matter, 
except where there are extensive out- 
croppings of limestone, or the soil is 
highly alkaline. Most of the ground 
waters rejected on account of mineral 
contents, except those distinctly classed 
as mineral, are high in carbonates and 
sulphates (hard) or in iron. Sometimes 
soft or peaty waters take up lead from 
service pipes of that material. What- 
ever the material sought may be the 
chemist determines it in the most direct 
manner, compares it with a fixed stand- 
ard and approves or condemns the water 
accordingly. 

Bacteria live upon organic matter and 
wherever the latter is present in large 
quantities the former are to be found. 



,y Google 



78 

All organic matter undergoing rapid 
transformation is sure to be teeming with 
bacteria. This is especially true of or- 
ganic human wastes. Hence, water in 
which bacteria are abundant is generally 
looked upon with suspicion, particularly 
if included among them are intestinal 
bacteria, such as the B coli communis, 
which abounds in domestic sewage. 
As for learning whether specific disease 
germs are present or absent in a given 
water supply the attempt can lead to no 
results but delusion, until bacteriologists 
get far beyond their present knowledge. 
The reasons for these statements are as 
follows : The isolation and identification 
of the typhoid germ from among 
many species, which is the problem in 
the case of water, is a long and tedious 
task at best, even if it can be done with 
anything like absolute certainty. It 
therefore follows that negative results 
are no assurance that the typhoid germ 
is not actually in the water, so the dec- 
laration, " no typhoid bacilli were 
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found/' may lead to trusting in the 
safety of a most dangerous water 
supply. Morever, even if the typhoid 
germs could be found it would not be 
until days or weeks after this particular 
bacillus, or its predecessor, was deposited 
in the water, and consequently disease 
might have been spread broadcast mean- 
while. Of course, repeated isolations of 
the germ, even weeks after the pollution 
occurred, would be the most convincing 
evidence that the water was wholly un- 
safe. The chief danger from a miscon- 
ception of the function of bacterial water 
analysis lies in the fact that the bacteri- 
ologist is often consulted when an epi- 
demic is at its height, and if he says he 
finds no typhoid bacilli in the suspected 
water, as it appears from the best men in 
the profession that he must (provided 
he is honest and not deluded himself)^ 
then a bad source of supply may be con- 
tinued in use. When a typhoid epi- 
demic is at its height, the infection must 
have arisen two or three weeks earUer, 
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giving ample opportunity for the real 
cause of the trouble to disappear from 
the water. 

We come back^ then, to our starting 
point: The presence of large numbers 
of bacteria indicates the presence, also, 
of large quantities of organic matter. If 
this is of human origin it is most dan- 
gerous. Danger being indicated and 
appreciated, steps may be initiated that 
will determine the facts in the case. If 
the chemical analyses show much organic 
matter in the water, in a state of de- 
composition, with high chlorine, and if 
many bacteria are present, it is time that 
something were done to remove the con- 
ditions, unless a satisfactory explanation 
can be found, which is quite unlikely. 
If the water in question is actually being 
consumed a study of the typhoid statistics 
of the community in question may prove 
instructive, while in any case the drain- 
age area should be rigidly inspected to 
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see if the water is receiving human excre- 
ment from isolated houses, villages ot 
cities. These last two points are dis- 
cussed further on. 

The microscopic examination of water, 
from a thoroughly practical standpoint, 
is 3 ust out of its infancy. The microscope 
may give some indication of the origin 
of inert organic matter suspended in 
water. It will unquestionably enable the 
trained water naturalist to name the dif- 
ferent micro-organisms in the water. 
The eflEect of a few species of these, oc- 
curring in large quantities, the microsco- 
pist can predict with certainty, and he 
may know, for a given source of supply, 
what organism is most likely to appear at 
varying seasons of the year and under 
difiEerent conditions of the water. When 
micro-organisms appear in large numbers, 
giving offence to sight, smell or taste, the 
species may be determined by a micro- 
scopical examination, after which copper 
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sulphate in amount proportioned to the. 
specific organism may be applied to the 
wat^r to stop the troublesome growth. 

•■^^ Equally applicable to the methods of 
water examination is the fact that single 
analyses are almost worse than useless, 
except possibly where water is high in 
mineral matter or is obviously polluted. 
A series of analyses, systematically 
planned and executed, is required, if an 
intelligent and safe opinion on a water 
supply is to be pronounced. It is also 
of the greatest importance that the 
analyst should know the origin and en- 
vironment of the water he is examining, 
preferably by personal inspection. This 
is the more apparent, in the case of sani- 
tary analyses, when it is remembered 
that the analyses merely serve as indices 
to aid in judging the character and ante- 
cedents of the water. 

'^ Little need be said to show that one of 
the most efScient and incontrovertible 
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means of detecting impurities in water is 
a visible inspection of the water and all 
that is discharged into ii If the banks, 
of the streams, ponds or reservoirs in 
which water is gathered or stored are 
lined with privy vaults, if cesspools are 
near by, and if sewers are adding the vol- 
ume of their flow to that of the water 
supply, chemists, bacteriologists and 
microscopists hardly need be called in to 
determine that the water is impure. 
Wherever population cannot be excluded 
from a drainage area strict sanitary in- 
spection should be maintained to see that 
no pollution is permitted. With good 
laws for the punishment of ofEenders, or 
intelligent judges to lay down the com- 
mon law, sanitary inspectors can do 
much for the purity of water supplies. 

A word should be said regarding the 
collection of samples. This should be 
done by the analyst, or a person acting un- 
der his instructions, or some. one. thorr 
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oughly Conversant with the essentials of 
taking samples. First of all, the recep- 
tacles in which the samples are placed 
must be thoroughly clean and as soon as 
filled must be sealed to prevent the in- 
troduction of foreign matter. The water 
must be collected in such a manner as to 
be representative of the average water 
furnished. For bacterial examinations 
the cultures should be planted as nearly 
as possible on the spot, and if shipping of 
the samples before planting is necessary 
the samples should be packed in ice. 
Plain directions for collecting and ship- 
ping samples may be obtained from many 
of the State Boards of Health and from 
analysts to whom samples are to be sent. 
The close relation between water sup- 
ply and typhoid fever is now almost uni- 
versally recognized. Observations show 
that cities with exceptionally pure water 
have low annual typhoid death rates and 
that the rates commonly increase with 
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the pollution of the supply. Where the 
typhoid death rate is persistently more 
than from 15 to 20 per 100,000 living 
population the chances are that the 
water supply is not what it should be. 
Of course there may be other causes for 
high typhoid rates than polluted water, 
but many of these are likely to be tran- 
sient rather than permanent in character, 
and to give rise to epidemics, instead of 
uniformly high rates. Where vital statis- 
tics are properly kept it is a simple mat- 
ter to determine the typhoid death rate, 
and it should be computed frequently 
and regularly. To the shame of many 
states and cities no properly classified 
records of disease and death are kept. 

The substitution of filtered for crude 
and sewage-polluted water at Lawrence, 
Mass., in 1893, resulted in a marked 
diminution of the typhoid death rate, 
and the same has since been true in 
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many other cities. A notable demon- 
stration of the relative effects of impure 
and pure water on the typhoid death 
rates has occurred at Newark and Jersey 
City during the past few years. As the 
author of this volume has worked up 
these cases with care for use elsewhere, 
and as they are very instructive, it seems 
proper to quote at some length from the 
article in question.* 

Two remarkable instances of a decrease in 
typhoid fever following a change from a sewage-^ 
polluted to a pure water supply have recently 
occurred in Newark and Jersey City. Both of 
these cities were for many years dependent upon 
the Passaic Kiver for their water supply. The 
pmnping stations of the two cities were about a 
mile apart, and but a few miles below the cities 
of Paterson and Passaic, the sewage of which is 
discharged into the river. Other communities 



• The Effect of a Pure Water Supply on Typhoid 
Fever in Newark and Jersey City.— Engineering Netos^ 
Sept. 80, 18»7. 
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contributed more or less to the pollution of the 
stream. 

On April 26, 1892, the city o£ Newark aban- 
doned the Passaic River and began using water 
brought some 25 miles from the Pequannock 
River by means o£ works built by the East 
Jersey Water Co. This stream is one of the 
highland tributaries of the Passaic, having a 
sparse population in its drainage area. Imme- 
diately after making this change in its source 
of water supply there was a great drop in the 
number of deaths from typhoid fever in Newark, 
but Jersey City, which used the Passaic water 
for about four years longer, continued to have 
a high mortality from typhoid fever until it 
also changed to the Pequannock supply. 

The accompanying table has been prepared to 
show in detail the effect of pure water on ty- 
phoid in these two cities. The table has been 
made to cover a period of 11 years or from June 
30, 1886, to June 30, 1897. in order that it might 
contrast five years of impure water and five 
years of pure water jn Newark, leaving the year 
1891-2 to stand by itself. 
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MOBTALITT FBOM TyPHOID PeVBB 

In Newark a/nd Jersey City Before and After 
Introducing a Pure Water Swpply. 

4 ^Newark . , Jersey City » 

/ ^Death rate. . 

«i ^ r-'D&BXb&s . g M . ^Deaths-* 



^ e ^ ^ r i" I" r £ ^ e 

1887.. ^.794 84 164,900 23 61 56 25 146,900 813,686 

1888.-4^83 76 169,200 24 46 76 26 151,300 114 3,980 

ie8I>. .4.353 131 174,200 24 75 85 26 155,700 132 4,066 

imi. A,'m 194 179,300 28 106 99 27 160,400 169 4,258 

3601. .4,120 134 184,500 24 72 101 26 166,400 167 4,386 

Vm. .5/)41 158 190,000 30 81 72 27 170,500 123 4,638 

139^.. 4, r^ 63 195,600 25 32 66 26 175,700 116 4,531 

1804, .4,760 43 201,200 24 21 53 24 181,100 96 4,820 

imuA,^!4& 43 206.900 22 21 93 24 186,600 174 4,497 

Igoa. .4,328 61 212,600 22 29 82 23 192,300 158 4,407 

1897. .4^496 44 219,100 20 20 19 19 198,200 38 3,735 

From this table it appears that in Newark 
for the five years when the supply was from 
the polluted Passaic the average number of 
deaths from typhoid fever was 70 per 100,000 of 
population, and that for the five years after the 
change to Pequannock the typhoid mortality 
was only 25 per 100,000. 

Jersey City continued to use the foul Passaic 
for over three years after Newark changed to 
the Pequannock, so that its record for three 
years before and after Newark changed can be 
compared with the Newark record for the same 
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period. Poing this, we find that ior the three 
years ending June 30, 1891, Newark lost 85 per 
100,000 o£ its citizens from typhoid, and Jersey 
City 95. For the three years ending June 30, 
1895, Newark lost but 25, while Jersey City lost 
71 per 100,000. Doubtless the water supplied 
to Jersey City during the last three-year period 
was actually worse than that furnished pre- 
viously, although the typhoid death rate per 
100,000 was less. This may be accounted £or 
by the fact that the people were better aware 
of their danger in the latter than in the earlier 
period, and, therefore, took more pains to avoid 
the use of the crude Passaic for drinking pur- 
poses, some boiling and others filtering it before 
using, while many bought mineral or spring 
water. Besides this, it has been suggested that 
in a community using polluted water year after 
year, many people became partially or wholly 
immune. Credit should also be given to in- 
creased skill on the part of doctors and nurses 
and increased vigilance on the part of health 
authorities in controlling infectious diseases. 

The Pequannock supply was introduced grad- 
ually in Jersey City, an increasing percentage 
of the total consumption being furnished month 
by month during 1896, until in October the 
Passaic was entirely abandoned. The typhoid 
fever diminished with the decrease in the use 
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of the Passaic water, as is shown by the follow- 
ing figures: 

.J L 

Monti. Ill ||^ Month. 

January 72 28 July 

February ... 60 30 August 24 

March 67 16 September .. 80 

April 42 9 October 11 

May 60 6 November... 

June 20 7 December... 

These figures are all the more striking since 
typhoid fever is generally more prevalent in 
the latter part of the year than at any other time. 

For the year ending June 30, 1897, Jersey 
City used no water from the Passaic River. 
Her typhoid death rate for that year fell to 19 
per 100,000 population, against 20 in Newark. 
For the year ending June 30, 1895, the last full 
year shown in the record during which Passaic 
water was used, the typhoid death rate in Jersey 
City was 93 per 100,000. The relative number 
of total deaths from typhoid in each of the two 
years was 174 in 1894-5, and 88 in 1896-7, or a 
decrease of 136. Part of this decrease is doubt- 
less due to other causes than improved water 
supply, both Newark and Jersey City showing 
a marked decrease in the last few years in their 
total mortality rate. Newark has been grad- 
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ually improving inmispsirticular ever since the 
Pequannock supply was introduced. As it has 
now been five years since that event and the ty- 
phoid mortality has kept at a pretty constant 
rate, with one exception, ever since, it is only 
fair to give other departments of the city some 
credit for the reduction of the typhoid mortal- 
ity. This seems all the more reasonable, since 
in 1895-6 the typhoid jumped from 21, for the 
two previous years, to 29 ; while the total mortal- 
ity rate fell one point. Moreover, Jersey City 
showed a decrease in its total death rate before 
the new water supply was introduced. 

Too much stress should not be laid upon the 
minor variations in these figures, for it is a 
well-known fact that mortality returns in this 
country are at best quite imperfect, and all pop- 
ulations between census years have to be esti- 
mated. In the present case the geometrical rate 
of increase in population between national cen- 
sus years was used in computing the yearly pop- 
ulations. This method gives a result for the 
year 1895 about 9,000 below the State Census for 
Newark, and 4,000 above that for Jersey City, 
or about 4% less, and d% greater, respectively. 
These differences have very slight effect upon 
the death rates for 1895, but, of course, the dis- 
crepancy increases as the years go by. The ten- 
dency of these discrepencies is to make a worse 
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showing for Newark, and a better one for Jer- 
sey Citf than would otherwise be the case, but 
this i& so slight as not to afteot in the least the 
main lesson of the table, that pure water ma- 
terially reduoes the typhoid death rate of a city. 

The returns for the year ending June 
30, 1898, show 31 deaths from typhoid 
fever in Newark and 79 in Jersey City; 
also total deaths of 3,932 in Newark and 
3,727 in Jersey City respectively. New- 
ark, therefore, improved on all the pre- 
vious years included in the table. Jer- 
sey City, for some reason, did not make 
nearly so good a showing as in the pre- 
ceding year, but it did far better than 
for years before. In the winter of 1898-9, 
it is both interesting and instructive to 
note that Newark drew small amounts of 
water from the Passaic Eiver during 
severe cold weather. A sudden rise in 
the amount of typhoid fever followed 
soon after, specially }n those sections 
which received the largest proportionate 
amounts of water from the old source of 
supply. 
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The total number of deaths from ty- 
phoid fever in Newark, was 50 in^ 1902 and 
61 in 1903, giving approximate tateasi per 
100,000 population of 19 and 23, respect- 
ively. The corresponding figures for 
Jersey City were totals of 44 and 36, and 
rates of 20 and 16. 

The examination of treated or purified 
water does not difEer essentially from 
that of natural water. PracticjJly the 
same methods are followed in each case, 
and the results are compared to ascertain, 
the degree of purification effected. 
Where the aim is to reduce or remove tur- 
bidity, color, taste, odor, iron or hardness 
it is, of course, a simple matter to deter- 
mine whether the desired end has been 
obtained. If organic pollution is involved 
then the chief concern is the reduction 
in the number of bacteria. 

This raises the point : How is the bac- 
terial purification to be judged T We 
have seen that bacterial counts, or nu- 
merical determinations, and not identifi- 
cations of kinds, is all that is practicable. 
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What, then, is the permissible number of 
bacteria in potable water ? The standards 
are at best quite arbitrary. The aim is to 
have as few bacteria as possible. In nat- 
ural waters, not subject to sewage pollu- 
tion, the maximum permissible number 
of bacteria has been placed by various 
authorities at from 100 to 500. Where 
the water is treated, both experiment 
and practice show that properly designed 
and operated filters, of either type, will 
remove an average of 97^ to 99^ of all 
the bacteria. Obviously, percentages 
here may not always form a proper stand- 
ard, especially with water high in bac- 
teria. For instance: In water having 
originally 1,000 bacteria per cu. cm. 
there would be only 30 left with a 97^ 
removal, but water containing 30,000 
bacteria per cu. cm. originally would still 
have 900 after 97^ had disappeared. It 
is conceivable, also, that a water some 
times in great need of purification, at 
others might be quite satisfactory in its 
natural state, in which latter case insist- 
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ence on removing any fixed percentage of 
the bacteria might be absurd. These 
considerations suggest a standard com- 
posed of both a percentage of removal 
and an absolute number limit, the actual 
figures in each case varying with local 
conditions. The greater the danger of 
sewage pollution the higher the bacterial 
standard should be. 

The frequency of making analyses is 
also a matter depending largely upon 
local conditions. Even with natural 
waters analyses might well be made at 
least once a month, regardless of the pur- 
ity of the supply. Once a week would 
be better and in most cases would be a 
wise expenditure of money, since it would 
afford a ready means of detecting any 
deterioration in the quality of the water. 
The poorer the water the greater the 
need for close watchfulness and frequent 
analyses, in order that prompt warnings 
may be given the consumers to boil it or 
avoid its use temporarily. 

Where the water is being treated, an- 
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alyses or tests of some sort should be 
made very often, to judge accurately and 
continuously of the efficiency of the pro- 
cess. In addition, separate samples of 
the effluent from each section or unit of 
the plant should be examined, to see 
whether all parts of it are working 
properly. If the purification plant is a 
large one daily analyses may be advisable, 
and may help reduce the operating ex- 
penses. This would be the case more 
particularly where chemicals were being 
used, the analyses, or tests of some sort, 
indicating changes in the character of the 
water and the amount or kind of chemi- 
cals needed. The analyst may also be 
the general superintendent of the purifi- 
cation works, thus tending to reduce the 
expenses. 
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SOME NOTABLE AMERICAN WATER 
LABORATORIES. 

In the early days of American water- 
works neither chemical, bacterial nor mi- 
croscopical examinations of water, as now 
understood, were thought of, or possible. 
Determinations of the mineral contents 
of water were first made and subsequently 
chemical methods for estimating organic 
matter were developed. Until recently 
the microscope was used as a diversion, 
or in the pursuit of natural history, rather 
than as an aid in securing and maintain- 
ing pure water supplies. Practical re- 
sults from bacterial examinations of water 
were secured, at least in considerable 
numbers, before much had been accom- 
plished in the same field with the micro- 
scopCo All the earlier work, in each 
field, was done in private laboratories, 
investigators being engaged by cities or 
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water companies as special needs for 
their services made themselves felt. 

About 1888 the Massachusetts State 
Board of Health was made responsible 
for the sanitary protection of all the in- 
land waters of the State and established 
the Lawrence Experiment Station to 
study the purification of water and sew- 
age. Thereupon the Board began to 
make water examinations, literally by the 
thousand, and has continued the work to 
the present time. In the laboratories of 
the Board at Lawrence and at Boston it 
is probably safe to say that more chem- 
ical, bacterial and microscopical examin- 
ations of water and sewage have been 
made since 1888 than elsewhere in the 
world. 

Perhaps the next most notable city 
laboratory in this country, in point of 
time and amount and character of work, 
was the Chestnut Hill laboratory of the 
Boston water-works, taken over, after 
many years of operation, by the Metro- 
politan Water Board. Microscopical 
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work, in particular, was carried on here 
to a great extent. 

Following some years after the Boston 
example, the water department of Brook- 
lyn, now a part of New York, established 
a very complete laboratory at the Mt. 
Prospect reservoir, where the three 
branches of research discussed in this 
volume have since been pursued. 

The value of the experimental work in 
water purification at Louisville, Pittsburg 
and Cincinnati was dependent on the 
fully equipped and manned laboratories 
estabUshed especially for the purpose m 
each city. 

A feature of the water purification, 
plant built at Albany, N. Y., in 1898-9^ 
is the provision of a laboratory building^ 
in the center of the works, a feature 
since adopted at many purification 
works. 

A number of the State Boards of 
Health, besides Massachusetts, have 
chemical and bacteriological laboratories^ 
either independent or connected witk 
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the laboratory of some institution or in- 
•dividual. 

The first private water company to 
•equip a complete laboratory for use in 
•connection with its regular work, so far 
•as the author knows, was the Spring 
Brook Water Supply Co. of Wilkes- 
Barre, Pa., which controls a number of 
separate companies and sources of sup- 
ply. This laboratory was established 
early in 1899. 

It is not to be expected that every 
water- works plant in the country will have 
a well equipped laboratory for making 
water analyses. Many village plants are 
too small for this and many do not 
^greatly need it, at present. But as time 
goes on and the significance and value of 
various branches of public health work 
become better known the number of lab- 
oratories for investigations in hygienic 
and sanitary matters will rapidly increase. 
The time has already come when no town 
of 10,000 inhabitants can afford to be with- 
out the regular services of a chemist and 
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bacteriologist, working in either a private 
or public laboratory. The food, especially 
milk, as well as the water supply of all 
villages, towns and cities should be sub- 
jected to frequent and regular examina- 
tion, besides which bacterial cultures 
should be made in connection with diph- 
theria, tuberculosis and other diseases. 
In the smaller towns this work might be 
done by health inspectors, trained in 
some one of our technical schools, now 
growing so rapidly in numbers and ex- 
cellence. For the larger places the whole 
time of one or more competent men are 
needed for water inspection and analysis 
alone. 

There is another phase of municipal 
laboratory work. Several of the recent 
laboratories originally organized for wa- 
ter or sewage examinations are gradually 
coming into extensive use for tests of 
materials and construction and of sup- 
pHes. There are cement, asphalt and 
pipe coatings, coal and oil and other 
material to be analyzed, as well as water 
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and sewage, all with great possibilities of 
direct money saving. The two classes 
of work, sanitary and general, may be 
carried on side by side without inter- 
fering with each other. Often both lines 
may thus be made possible where the ex- 
pense of either alone would seem quite 
out of the question. 

The time has come when it is no longer 
excusable for either public or private 
corporations to go on blindly using or 
abusing the forces of nature and trans- 
gressing the laws of health. Engineer- 
ing, chemistry and biology have been 
developed in a marvelous way during 
the past two decades. Their lessons 
are available to all who will heed them 
and should be neglected by none who 
have the economic and physical welfares 
of whole communities in their keeping. 
Pure water is one of the essentials of 
modem life and he that aids in providing 
it confers comfort and health upon all 
who enjoy it and deserves the thanks of 
men and the blessings of heaven. 
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8to, cloth 5 00 

BABNAKD (JOHN H.). The Naval MiUtiaman's 
Guide. Full leather, pocket form 1 25 

BABWISB (SIDNEY, M. D., liondon). The Puri- 
fication of Sewage. Being a brief account of the 
Scientific Principles of Sewage P\u*ification and 
their Practical Application. 12mo,cloth. lUustrated. 2 00 

BAUMEISTEB (B.)* The Cleaning and Sewage of 
Cities. Adapted from the Qerman with perm&sion 
of the author. By J. M. Goodell, C. E. Second 
edition, revised and corrected, together with an 
additional appendix. 8vo, cloth. Illustrated 2 00 

BEAUMONT (ROBERT). Color in Woven Design, 
"^th 32 C!olored Plates and numerous original illus- 
trations. Large 12mo 7 50 

BBAUMONT, W. and DU6AIJ> CUBBK. Auto- 
cars and Horseless Carriages (In Press.) 

BSCKWITH (ARTHUR). Pottery. Observations 
on the Materials and Manufacture of Terra-Cotta, 
Stoneware. Fire-Brick, Porcelain, Earthenware, 
Brick, Majolica, and Encaustic Tiles. 8vo, paper. 
Second edition 60 

BBBNTHSEN (A.). A Text-Book of Organic CShemis- 
try. Translated by George M'Gowan, Ph.D. Fourth 
TCnpHah edition. Revised and extended by author 
and translator. Illustrated. 12mo, doth 2 SO 

BEBTIN (Kj. E.). Marine Boilers: Their Construc- 
tion and Working, dealing more especially with 
Tubulous Boilers. Translated by Leslie S. Robertson, 
Upward of 250 illustrations. Preface by Sir William 
mite. 8vo,cloth. Illustrated 7 50 

BIOGS (C. H. W.). First Principles of Electricity 
and Magnetism. Being an attempt to provide an 
Elementary Book for ttiose intending to enter t\e 
nrof ession of Electrical Engineering. Second edition. 
fSmOfCloth. Illustrated 2 00 
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BINNS (OHAS. F.). Manual of Practical Pottiofr. 
Ck>mpUed bj Experts. Third edition, revised and 

enlarged. Srccloth net 7 60 

Ceramic Technology; being some aspects of Tech- 
nical Science as applied to Pottery Manufacture. 
8to, cloth net 5 00 

BULKB (W. P.). Report upon the Precious Metals. 
Being Statistical Notices of the PrlDclpal Qold and 
Silrer producing regions of the world, represented 
at the Paris Universal Exposition. 8vo, cloth Zt» 

BULKESIiET (T. H.)* Alternating Currents of Elec- 
tricity. For the use of Students and Engineers. 
Third edition, enlarged. 12mo, cloth 150 

BI«YTH (A. WYNTKB, M. B. O. S., F. O. S.). Foods: 
their Composition and Analysis. A Manualfor the 
use of Analytical Chemists, with an Introductory Es- 
say on the History of Adulterations, with numerous 

, tikbles and illustrations. New edition (In Press) 

— — Poisons : their Effects and Detection. A Manual 
for the use of Analytical Chemists and Experts, 
with an Introductory Essay on the growth of Modem 
Toxicology. Third edition, reyised and enlarged. 
870, doth 7 60 

BODM BB (O. B.)« Hydraulic Motors ; Turbines and 
Pressure Engines, for the use of Engineers, Manu- 
facturers and Students. Second edition, revised and 
enlarged. With 904 Illustrations. 12mo. cloth 5 00 

BOHJSAU (J. T.). A New and Complete Set of 
Traverse Tables, Showing the Difference of Latitude 
and Departure of every niinute of the Quadrant and 
to five places of decimals. 8vo, cloth. 5 00 

BOTTONB (S. bo. Electrical Instrument Making for 
Amateurs. A Practical Hand-book. With 48 illus- 
trations. Fifth edition, revised. 12mo, cloth 60 

Electric Bells, and all about them. A Practical 

Book for Practical Men. With more than 100 illus- 
trations. 12mo, cloth. Fourth edition, revised and 
enlarged 6C 

The Dynamo : How Made and How Used. A 

Book for Amateurs. Eighth edition. 12mo, cloth... 1 00 
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BOTTONE (S. B.). Electro Motors : How Made and 
How Used. A Hand-book for Amateurs and Practical 
Men. Second edition. 12mo,cloth 75 

BONNET (G. E.). The Electro-Platers' Hand-book. 
A Manual for Aniateurs and Young Students on 
Electro-Metallurgy. 60 illustrations, 13mo, cloth.. 1 90 

BOW (R. H.). A Treatise on Bracing. With its appli- 
cation to Bridges and other Structures of Wood or 
Iron. 166 illustrations. 8vo,cloth 160 

BOWSER (Prof. E. A.). An Elementary Treatise 
on Analytic Qeometry. Embracing Plane Qeometry, 
and an Introduction to QeometiT: of three Dimen- 
sions. 1 :ihno, cloth. Twenty-flrst edition 175 

An Elementary Treatise on the Differential and 

Integral Calculus. With numerous examples. 
12mo, cloth. Seventeenth edition 2 SS 

^— An Elementary Treatise on Analytic Mechanics. 
With numerous examples. 12mo, cloth. Fourteenth 
edition 3 00 

An Elementary Treatise on Hydro-Mechanics. 

With numerous examples. 12mo, cloth. Fifth 
edition 2 60 

— — — A Treatise on Roofs and Bridges. With Numerous 
Ex*»rcises. Especially adapted for school use. 12mo, 
cloth. Illustrated net 2 25 

BOWIE (AUG J., Jun., M. E.). A Practical Treatise 
on Hydraulic Mining in California. With Description 
of the Use and Construction of Ditches, Flumes, 
Wrought- iron Pipes and Dams ; Flow of Water on 
Heavy Grades, and its Applicability, under High 
Pressure, o Mining. Fifth edition. Small quarto, 
cloth. Illustrated 5 00 

BURGH (N. P.). Modem Marine Engineering, applied 
to Paddle and Screw PropulEdon. Consisting of 86 
colored plates, 260 practical woodcut illustrations, 
and 408 pages of descriptive matter. The whole 
being an exposition of the present practice of James 
Watt & Co., J. & G. Rennie, R. Nnpier & Sons, and 
other celebrated firms. Thick quarto, half morocco. 10 00 
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BUBT (W. A«). Key to the Solar Compass, and 
Surreyor^s Companion. Comprising all the rules 
necessary for use in the field ; also description of 
the Linear Surveys and Public Land System of the 
United States. Notes on Uie Ba'^ometer, Suggestions 
for an Outfit for a Survey of Four Months, etc. 
Seventh edition. Pocket-book form, tuck 2 5(^ 

CALDWEIX, (6. C), and A. A. BRENEMAN. 

Manual of Introductory Chemical Practice. For 
the use of Students Id Colleges and Normal and 
High Schools. Fourth edition, revised and corrected. 
8vo,cloth Illustrated 15a 

CAM PIN (FRANCIS). On the Construction of Iron 
Roofs. A Theoretical and Practical Treatise, with 
wood cuts and Plates of Roofs recently executed. 
8vo, cloth. 2 00 

CARTER (E$ T.). Motive Power and Gearing for 
Electrical Machinery. A Treatise on the Theory 
and Practice of the Mechanical Equipment of Power 
Stations for Electric supply and for £lectic Traction. 
8vo,cloth. Illustrated & 00 

CATHCART (Prof. WM. L.). Machine Elements: 
Shrinkage and Pressure Joints. With tables and 
diagrams. 8vo, cloth. Illustrated net 2 50 

■' Marine Engine Design (In Press.) 

CHAMBER'S MATHEMATICAL TABLES, con- 
sisting of logarithms of Numbers 1 to 108,000, Trigo- 
nometrical, Nautical, and other tables. New edition. 
8vo,cloth 175 

CHAUVENET (Prof. W.). New Method of Correct- 
ing Lunar Distances, and Improved Method of 
Findmg the Error and Rate of a Chronometer, by 
Equal Altitudes. 8vo, cloth 2 00 

CHRISTIE (W. .WALLACE). Chinmey Design and 
Theory. A Book for Engineers and Architects, with 
numerous half-tone illustrations and plates of famous 
chimneys. 12mo. cloth 3 00 

CHURCH (JOHN A.). Notes of a Metallurgical 
Journey in Europe. 8vo, cloth... 2 00 

CLARK D. (KINNRAR, C. E.). A Manual of Rules, r 
Tables and Data for Mechanical Engineers. Based 
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OB the most recent investigations. Illustrated with 
numerous diagrams. 1,012 pages. 8vo, cloth. Sixth 

edition 6 00 

Half morocco 7 60 

CliARK D. (KINNEAB, C. B.)* Fuel : its Combust- 
ion and Ekx>nomy, consisting of abridgements of 
Treatise on the Combustion of Coal. Bj C. W. 
Williams; and the Economy of Fuel, by T. 8. 
Prideaux. With extensive additions in recent prac- 
tice in the Combustion and Economy of Fuel, Coal, 
Coke, Wood, Peat, Petroleum, etc. Fourth edition, 
l^o, cloth.... 1 50 

— The Mechanical Enapineer^s Pocket-book of Tables. 
Formuls, Rules and Data. A Randy Book of 
Reference for Daily Use in Engineering Practice. 
16mo, morocco. Second edition 8 00 

Tramways, their Construction and WOTking, em- 
bracing a comprehensive history of the system, 
with accounts of the various modes of traction, a 
description of the varieties of rolling stock, and 
ample details of Cost and Workine Expenses. 
Second edition. Re-written and greany enlarged, 
with upwards of 400 illustrations. Thick 8vo. cloth. 00 

■ The Steam Engine. A Treatise on Steam Engines 
and Boilers ; comprising the' Principles and Practice 
of the Combustion of Fuel, the Economical Genera- 
tion of Steam, the Construction of Steam Boilers, and 
the Principles, Construction and Performance of 
Steam Engines, Stationary, Portable, Locomotive 
and Marine, exemplified in Engines and Boilers of 
recent date. 1,800 figures in the text, and a series 
of folding plates drawn to scale. 2 vols. 8vo, cloth. 15 00 

OI«ARK (JACOB M.). A new System of Laying Out 
Railway Turn-outs instantly, by inspection from 
Tables. 12mo, leatherette 100 

CI^USEN-THU (W.). The A. B.C. Universal Com- 
mercial Electric Telegraphic Code ; especially 
adapted for the use of Financiers, Merchants, Ship- 
owners, Brokers, Agent, etc. Foiurth edition. 8vo, 

cloth 6 00 

Fifth edition of same 7 00 

— The Al Universal Conunerdal Electric Telegraphic . 
Code. Over 1,240 pp., and nearly 90,000 variations. 
8vo, cloth 760 
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CnUBSMAHH (THOS. M.). The BAflrosd Bnsinesr'i 
Pnctioe. Being ik Short hat Oomidele Deeeription 
of the Duties otthe Young Engineer in the Prelimi- 
neij and Location Sunreys and In Oonstmction. 
Fourth edition. Berised and enlarged. Illustrated. 
lflBao,oloth .160 

OUBTKNOBB (S. B.). A Treatise on the Method of 
Goveniment Surveying as prescribed by the U. 8. 
Con gre s s and Oommissioner of the General Land 
Office, with complete Blathematical, Astronomical 
and Practical Instructions for the use of the United 
States Surreyors in the field, litano, morocco 2 SO 

COFFIN (Prof. J. H. C). Navigation and Nautical 
Astronomy. Prepared for the use of the U. 8. Naval 
Academy. New Edition. Revised by Commander 
Charles jBelknap. 58 woodcut illustrations. 12mo, 
cloth net. 8 60 

OOIiB (S. S., M. A.). A Treatise on Photographic 
Optics. Being an account of the Principles of 
Optics, so far as th«y apply to Photography. 12mo, 
cloth, 106 illustrations and folding plates 8 60 

OOIJJNS (JAS. B.). The private Book of Useful 
AUoys, and Memoranda for Ctoldsmiths, Jewelers, 
etc. 18mo, cloth 50 

CORNWALL (Prof. H. B.)* Manual of Blow-pipe 
Analysis, Qualitative and Quantitative. With a 
Complete System of Determinative Mineralogy. 8yo. 
cloth. With many illustrations 2 50 

CBAIG (B. F.)* Weights and Measures. An Account 
of the Decimal System, with Tables of Conversion 
for Commercial and Scientiflc Uses. Square 82mo, 
Umpdoth 50 

CBOCKBB (F. B.). Electric Lighting. A Practical 
Exposition of the Art, for use of Sngineers, Students, 
and others interested in the Installation or Operaticm 
of Electrical Plants. Sixth edition, revised. 8vo, 

cloth. Vol. I. The Generating Plant 3 00 

Vol. II. Distributing Systems and Lamps. Fourth 
edition 8 00 
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CROCKBB, (F. B.), and S. S. fTHESIjER. The ' 

Practical Manasemeiit of Dynamos and Motors. 
Fourth edition t (twelfth thousand). Revised and 
enlarged. With Bt special chapter by H. A. Foster. 
12mo, cloth. Illustrated 100 

CUMMINO (LINN^US, M. A.). Electricity treated 
Experimentttlly. For the use of Schools and Students 
Newedition. l2mo, cloth 150 

DA VIES (E. H.). Machinery for Metalliferous Mines. 
A Practical Treatise for Mming Enelneers, Metallur- 

gists and Managers of Mines. Wim upwards of 400 
lustrations. Second edition, rewritten and en- 
larged. 8vo, cloth net 8 00 

DAT (CHARIiBS). The Indicator and its Diagrams. 
With Chapters on Engine and Boiler Testing; 
Including a Table of Piston Constants compiled by 
i W. H. Fowler. 12mo, cloth. 125 illustrations. 2 00 

DERR (W. I«.). Block Signal Operation. A Practical 
Manual. Oblong, doth 150 

DIXON (D. B.). The Machinist's and Steam Engineer's 
Practical Calculator. A Compilation of Useful Rules 
and Problems arithmetically solved, together with 
General Information applicable to Shop-Tools, Mill- 
Gearing, Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing valuable Tables and Instruc- 
tion in Screw-cutting, Valve and Link Motion, etc. 
16mo, full morocco, pocket form 1 25 

OODD (6EO.)> Dictionary of Manufactures, Mining, 
Machinery, and the Industrial Arts. ISmo, doth ... 1 50 

DORR (B. F.)« The Surveyor's Guide and Pocket 
Table Book. 18mo, morocco flaps. Fifth edition, 
revised, with a second appendix 9 00 

DRAPER (C. H.)* An Elementary Text Book of 
Light, Heat and Sound, with Numerous Examples. 
Fourth edition. 12mo. cloth. Illustrated 1 00 

Heat and the Prindplet of Thermo-Dyvamics. 

With many illustrations and numerical examples. 
12mo, doth 1 50 
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DUBOIS (A. J.)* The New Method of Oraphio 
Statics. "With 60 illustratiODB. 8vo, cloth 1 60 

BDBT (Prof. H. T.). BesearcHes in Graphical 
Statics., Embracing New CJonstructions in Graphi- 
cal Statics, a New General Method in Graphical 
Statics, and the Theory of Internal Stress in Graphi- 
cal Statics. 8vo,cloth 180 

Maximum Stresses under C!onoentrated Loads. 

Treated graphically. Illustrated. 8vo, cloth 1 60 

EISSUBR (M.). The Metallurgy of Gold ; a Practical 
Treatise on the Metallurgical Treatment of Gold- 
Bearing Ores, Including the Processes of Concentra- 
tion and Chlorination. and the Assaying, Melting 
and Refining of Gola. Fifth Edition, revised and 
greatly enlarged. 187 illustrations. ISdmo, cloth. ... 7 50 

The Metallurgy of Silver ; a Practical Treatise on 

the Amalgamation, Roasting and Lixivation of Silver 
Ores, including the Assaying. Melting and Refining 
of Silver Bullion. 124 illustrations. Second edition, 

enlarged, 12mo, cloth 4 01 

The Metallurgv of Argentiferous Lead : a Practi- 
cal Treatise on the Smelting of Silver Lead Ores and 
the Refining of Lead Bullion. Including Reports 
on Various Smelting Establishments and Descrip- 
tions of Modem Smelting Furnaces and Plants m 
Europe and America, with 188 illustrations. 8vo, 
cloth 608 

— ~- ^anide Process for the Extraction of Gold and 
its Practical Application on the Witwatersrand Gold 
Fields In South Africa. Third edition, revised and 
enlarged. 8vo, cloth. Illustrations and folding plates 8 00 

A Hand-book on Modem Explosives, being a 
Practical Treatise on the Manufacture and use of 
Djmamite, Gun Cotton, Nitro-Glycerine and other 
I^losive Compounds, including the mJEinufactiire 
of Ck)llodion-Cotton, with chapters on explosives in 

ftractical application. Second edition, enlarged with 
60 illustrations. 12mo, cloth 6 00 

ELIOT (C. W.)» and STOB£B (F. H.). A compen- 
dious Manual of Qualitative Chemical Analysis. 
Revised with the co-operation of the authors, bj 
Prof. William R. Nichols. Dlustrated. twentieth 
edition, newly revised by Prof. W. B. Lindsay. 12mo, 
cloth net 1 25 
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SIXIOT (MiO* OBO. H.)* BSuTOpeaii Liffht-Hoaae 
Qsrstems. Being a Report of it Tour of uspeetion 
made in 1878. 61 engravings and 21 woodcats. 8to, 
eloth 600 

BIXISOK. (UBWIS M .)• Fvaotical AppUoatimi of 
the Indicator. With reference to the adjustment of 
Valve Gear on all styles of Engines. Second edition, 
revised. 8vo. cloth, 100 illustrations 2 0| 

BYISRETT (J. D.)* Elementary- Text-book of 
Physics. Illustrated. Seventh e(iiti<m. 12mo,clot^ « 00 

SWING (Prof. A. J.). The Magnetic Induction in 
Iron and other metals. 160 illustrations. 8vo, doth 4 00 

FANNING (J. T.). A Practical Treatise on Hydrau- 
lic and Water-Supply Engineering. Belating to the 
Hydrology, Hydro-dynamics, and Practical Ck>n- 
struction of water- works in North America. 180 
illustrations. 8vo, doth. Fifteenth edition, revis> 
ed, enlarged, and new tables and illustrations 
added. 660 pages 6 00 

FISH (J. C. !«.)• Lettering of Working Drawings. 
Thirteen plates, with descriptive text. Oblong, 
9x12^, boards 100 

FISKB (lileut. BBADUSY A., U. S. NO. Electric- 
ity in Theory and Practices or, The Elements of 
Electrical Engineering. Eighth edition. Svo, doth 2 60 

FISHER (H. K. C. and DABBT, W. C). Students' 
Guide to Submarine Cable Testing. 8vo, doth 2 60 

FISHEB (W. C). The Potentiometer and its Ad- 
juncts. 8vo,doth 285 

FI^ISCHBfANN (W.). The Book of the Dairy. A 
Manual of the Science and Practice of Dairy work. 
Translated from the German, by C. M. Afkinan and 
B.Patrick Wright, evo.doth 400 

FLBBUNG (Prof. J* A.). The Alternate Current 
Transformer in Theory and Practice. Vd. 1— The 
Induction of Electric Currents; <n 1 pages. New edi- 
tion. Illustrated. 8vo, doth 5 00 

Vol.2. The Utilization of Induced Currents. Illus- 
trated. 8vo, doth 6 06 

— « « Electric Lamps and Electric Lighting. Being a 
course of four lectures delivered at the Bojal Insti- 
tniion, April-May, 1804. 8vo, doth, fully illustrated 8 00 
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FXiBMING (Prof. J. A.). Electrical Laboratory 
Notes and Forms, Elementary and adyanoed. 4to, 
doth, illustrated 6 00 

FOI<£Y (NELSON), and THOS. PRAY, Jr. The 

Mechanical Engineers' Reference Book for Machine 
and Boiler (Construction, in 2 parts. Part 1— General 
Engineering Data. Part ^Boiler Oonstruction. 
With flfty-one plates and numerous illustrations, 
specially drawn for this work. Folio, half mor ... .25 00 

FORNEY (BIATTHI AS N.). CJatechism of the Loco- 
motive. Second edition, revised and enlarged. 
Forty-sixth thousand. 8vo, cloth 8fi0 

FOSTER (Gen. J. O., U. S. A.). Submarine Blasting 
in Boston Harbor, Massachusetts. Removal of 
Tower and Corwin Rocks. Illustrated with 7 plates 
4to. cloth 8 £0 

FOSTER (H. A.). Electrical Engineers' Pocket Book . 
1000 pages with the collaboratioh of Eminent 
Specialists. Third edition, revised. Pocket size, 
full leather 6 00 

FOSTER (JAMES). Treatise on the Evaporation 
on Saccharine, Chemical and other Liquids by the 
Multiple System in Vacuum and Open Air. Second 
edition. Inagrams and large plates. 8vo, cloth. ... 7 50 

FOWLER. Mechanical Engineers' Pocket Book for 

1905 . 100 

FOX (WM.), and C. W. THOMAS. M. E. A 

Practical CJourse in Mechanical Drawing, second 

edition, revised. Timo, cloth, with plates 1 25 

FRANCIS (JAS. B., C. E.). Lowell Hydraulic 
Eimeriments. Being a selection from ^periments 
onHydraulic Motors, on the Flow of water over 
Weirs, in open Canals of imiform rectangular 
section, and through submerged Orifices and 
diverging Tubes. Made at Lowell, Mass. Fourth 
edition, revised and enlarged, with many new experi- 
ments, and illustrated with 23 copper-plate engrav- 
ings. 4to,cloth 15 00 

PBOST (GEO. H.). Engineer's BHeld Book. "By 0. 
S. Ooss. To which are added seven chapters on Rail- 
road Location and Construction. Fourth edition. 
12mo, cloth... .v** 1 00 
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VUIXBB (OBOBGX W.)* iceport on the Iii've8tin> 
tions into the PnrUIOAtion of the Ohio Hirer Wawr 
at Louisville, Kentooky. made to the President anc 
Directors of the Looisrille Water Company. Pub 
lished under agreement with the Directors. 4to, 
cloth. 8 full page plates. net 10 09 

OBIPBIi (WM.), and KIXOOUB, nil. H.) A 
Pocketbook of Electrical Engineering Formula. Il- 
lustrated. 18mo,morooco 8 00 

OBRBBR (NICHOLAS). Chemical and Physical 
Analysis of Milk, Condensed Milk and Infant's Milk. 
Food. 8vo, cloth 126 

OESCH WIND (liUCIEN)* Manufacture of Alum and 
Sulphates, and other Salts of Alumina and Iron ; 
tbeir uses and applications as mordants in dyeing 
and calico printing, and their other applications in 
the Arts, Manufactures, Sanitary Engineering, Agri- 
culture, and Horticulture. Translated from the 
French by Charles Salter. With tables, figures and 
diagrams. 8yo, cloth, illus net 5 09 

OIBBS (WIIililAM B.). lightingby Acetylene, Gen- 
erators, Burners and Electric Furnaces. With .06 
illustrations. Second edition revised. 12mo, cloth. . 1 50 

OIIiliMOBE (GEN. Q. A.). Treatise on Limes, Hy- 
raulic Cements, and Mortars. Papers on Practical 
Engineering, United States Engineer Department, 
No 9, containing Reports of numerous Experiments 
conducted in New York Cityduring the years of 1868 
to 1861, inclusiTe. With numerous illustrationB. Bvo 
cloth 409 

Practical Treatise on the Construction of Roads. 

Streets, and Pavements, with 70 illustrations. 12mo, 
cloth 200 

Report on Strength of Building Stones in the 

United States, etc. 6vo, illustrated cloth 1 00 

GOLDING (HBNRY A.). The Theta-Phi Diagram. 
Practically applied to Steam, Gtas, Oil and Air En- 
gines. 12mo, cloth. Illustrated net l 25 

OOODETB (T. M.). ATezt-Bookon the Steam En- 
Gdne. WitA a Supplement on Qaa-Bngines. Twelfth 
Edition, enlarged. 148 illustrations. ]2mo,eloth... 2 00 

€M>BB (G., F. B. S.). The Art of Btootrolytle Separa- 
tion of Metals, etc. (Theoretical and Praotioal.) 
Illustrated. 8yo, cloth 3 50 
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GOUU> (E. SHBRMAM). The Arithmallo of the 
8team Engine. 8yo, cloth 1 Of 

GBIFFITHS(A.D.,Ph.D.). A Treatise on Manures, 
or the Philosophy of Manuring. A Practical Hand- 
Book for the Agriculturist, Manufacturer and 
Student. 12mo, doth aoo 

QBOT£B (FBBDBBICK). Practical Treatise on 
Modem Gas and Oil Engines. 8to, cloth. Illustrated 2 00 

OUBDEN (BICHABD IXOTD^. Trarerse Tables: 
computea to 4 places Decimals for every ^ of angle 
up to 100 of Distance. For the use of Surr^ors and 
Imgineers. New Edition. Folio, half morocco. .. 7 St 

OVY ABTHUB (F.)* Electric Light and Power, 
friying the Result of Practical Experience in Central 
Station Work. 8vo, doth. Dlustrated 2 50 

H AEDEB (HEBMAN C. E.). A Handbook on the 
Steam Engine. With especial reference to small 
and medium sized engines. English edition re-edited 
l^ the author from tne second Qennan edition, and 
translated with considerable additions and altera- 
t tioDs by H. H. P. Powels. 12mo, cloth. Nearly 1100 
iilubtrations 8 00 

HAIiL (WM. S. Prof.). Elements of the DifPerential 
and Integral Calculus. Second edition. 8yo, cloth. 
Illustrated net 2 2B 

HAUSE Y (F, A.). Slide Valve Gears; an Explanation of 
the action and Construction of Plain andCut-ofF 
Slide Valves. Illustrated. 12mo, cloth. Sixth 
edition. 150 

The Use of the Slide Rule. Illustrated with 

diagrams and folding plates. 16mo, boards. 50 

HAMILTON (W. G.). Useful Information for Bail- 
way Men. Tenth Edition, revii^ed and enlarged. 
662 pages, pocket form. Morocco, gilt 2 00 

HANCOCK (HEBBEBT). Text Book of Median- 
ics and Hydrostatics, with over 500 diagrams. 8vo, 
doth... . 175 

HABBISON (W. B.). The Mechanics' Tod Book. 
With Practical Bulea and Suggestions for use of 
Machinists, Iron-Workers, andothera. niastrated 
with 44 eograr^npra. 12mo, doth ]5t 
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SASKINS (C. H.)« The Galvanometer and its Uses. 
A Manual for Electricians and Students. Fourth 
edition. 12mo, cloth 160 

HAWSE (WUXIAM H.). The Premier Cipher 
Telegraphic Code Containing 100,000 Words and 
Phrases. The most complete and most useful general 
code yet published. 4to, cloth 500 

100,000 Words; Supplement to the Premier Code. 

All the words are select -Hi from the olficial vocabu- 
' lary. Oblong quarto, cloth 4 20 

HAWKINS (C. C.) and WAXLI8 (F.). Th-^ Dynamo; 
its Theory, Desien and Manufacture. 190 illustra- 
tions, 12mo, doth 8 00 

HAT (AliFBED). Principles of Alternate-Current 
Working. 12mo, cloth, illustrated 2 00 

HEAP (Major D. P., U. S. A.)* Electrical Appliances 
of the Present Day. Report of the Paris Electrical 
Exposition of 1881. 260 illustrations. 8vo, cloth 2 00 

HKATTSIDB (OUTER). Electromagnetic Theory. 
8vo, c oth, two volumes each 500 

HENBICI (OliAUS). Skeleton Structures, Applied 
to the Building of Steel and Iron Bridges. Illustrated 1 50 

HERRMANN (GUST AT). The Graphical Statics of ^ 
Mechanism. A Guide for the Use of Machinists, 
Architects, and Engineers: and also a Text-book for 
Technical Schools. Translated and annotated by A. 
P. Smith, M. E. 12mo, cloth, 7 folding plates. Third 
Edition 200 

^HERMANN (FEUX). Painting on Glass and Poroe- 
laiu and Enamel Painting. On the Basis of Personal 
Practical Experience cf the Condition of the Art up 
'to date Translated by Charles Salter. Second 
-greatly enlarged edition. 8vo, cloth, niustrations, 
net 860 

HEW80N (WM.), Principles and Practice of Em- 
banking L<inds from Biyer Floods, as applied to the 
Levees^of the Mississippi. 8vo, cloth 200 

HIJLI. (JOHN W.), The PuriiQcatlon of Public Water 
Supplies, niustrated with vatuable Tables, Dia- 
grams and Cuts. 8vo, cloth, 804 pages 800 

The Interpretation of Water Analyses. . (In Press) 
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HOBBS (W. B. P.). The Arithmetic of Electrical 
Measurements with numerous examples. Fullj 
Worked, 12mo, cloth .50 

HOFF (WM. B., Com. U. S. Navy.). The Avoidanoe 
of Collisions at Sea. 18mo, morocco 75 

HOIXEY (AUBXANDEB li.). Railway Practice. 
American and European Railway practice in the 
Economical Generation of Steam. 77 lithographed 
plates. Folio, cloth 12 (N^ 

HOUIEBS (A. BBOBELST). The Electric lAght Pop- 
ularly Explained. Fifth Edition. Illustrated. 12mo, 
paper fill 

HOPKINS (NETHi M.). Model Engines and small 
Boats. New Mefhods of Engine and Boiler Making 
with a chapter on Elementary Ship Design and 
Construction. 12mo,cloth 126 

HOSPITAXIEB (E.). Polyphased Alternating Cur- 
rents. Illustrated. 8vo, cloth 140 

HOWARD (C. B.). Earthwork Mensuration on the 
Basis of the Prismoidal Formulae. Containing 
Simple and Labor-saving Methods of obtaining Pris- 
moidal Contents directly from End Areas, niustra- 
ted by Examples and accompained by Plain Rules 
for Practical Uses. Illustrated. 8vo, cloth 1 50 

HUMBEB (WIIXIAM , C. B.)* A Handy Book for 
the Calculation of Strains in Girders and Similar 
Structures, and their Strength ; Consisting of 
Formulae and Corresponding Diagrams, with 
numerous details for practical application, etc. 
Fourth Edition. 12mo, cloth 2 60 

HUBST (GEOBGB H.). Colour; A Hand-book of the 
Theory of Colour. Containing ten coloured plates 
and 72 diagrams. 8vo, cloth. Illustrated. Price. ... 2 50 

• 

— Lubricating Oils, Fats and Greases. Their Origin, 
Preparation, Properties, Uses and Analysis. 313 
pages, with 65 illustrations. 8vo, cloth 8 00 

<^-— Soaps; A Practical Manual of the Manufacture of 
Domestic, Toilet and other Soaps. Illustrated with 
66 Engravings. 8vo, cloth 5 00 



,y Google 



l8 D. VAN NOSTRAND COMPANY'S 

■UTdHNSOM (W, B.)* Pfttents and How to Make 
Monej out of Them. Member of NewYcrkBar. 
ttmo.doth. New York, 1899 196 

BFTTOM (W. 8.). Steam Boiler Ck>ii8tnictioii. A 
?ractieal HaDd-book for Ensiiieers, Boiler Makers 
and Steam - Users. Oontaimng a large collection 
of roles and data relating to recent practice in the 
design, construction, and working of all kinds of 
8taw>nar7, locdmotiTe and marine steam boilers. 
With upwards of 600 illustrations. Third edition. 
Carefully- revised and much enlarged. 8vo, cloth. . . 6 00 

■ Practica Ensineer's Hand-book, Gomprisinflr a 
treatise on Modem Engines and Boilers, Marine, 
Locomotiye and Stationary. Fourth edition. Care- 
fully revised with additions. With upwards of 670 
illustrations. 8vo, doth 7 00 

^> The Works* Manager's Hand-book of Modern 

Rules, Tables, and Data for Civil and Mechanical 
Enfdneers. Millwrights and Boiler Makers, etc., etc. 
With upwards of 160 illustrations. Fifth edition. 
Carefulfy revised, with additions. 8vo, cloth 6 00 

BNNESrCHABIiXiSH.)* Problems in Machine Design. 
ForUieUseof Students, Draughtsmen and others. 
12mo,cloth \ 1 50 

* Centrifugal Pumps, Turbines and Water Motors. 
Indndingthe Theory and Practice of Hydraulics. 
ISmo, cloth net 2 00 

ISHISRWOOD (B. F.). Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for ^mgineers. With illustra- 

8vols.inl. 8vo, oloUi 2 50 



^AMBSON (CHARIiES D.). Portland Cement. lU 
Manufacture and Use. 8vo,oloth 150 

JAMIBSON (ANDBEW C. B.). A Text-Book on 
Steam and Steam Engines. Specially arraneed for 
the use of Science ana Art, City and GuOds of London 
Institute, and other Engineering Students. Tenth 
edition. lUustrated. iSmo, doth 8 00 

^ Elementaiy Manual on Steam and the Steam 
Engine. Specially arranged for the use of First- 
Year Sdence and. Art, City and Guilds of London 
Institute, and other Elementary Engineering 
Btoients. Third edition. 12mo,doth i SO 
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aANNBTTAZ (KDWASD). A Guide to the Deter^ 
minAtion of Bocki: bemg an Introductioii to 
litlK^ogy. TnuigUted from the French bT O. W. 
Plympton, Fraf easor of FhTsical Scienoe «t Brook- 
lyn Polytedmiclnstitate. 12mo, cloth 160 

JOHNSTON, Frof. J. F. W., nnd OAMBBON, Sir 
CHAS. Slements of A&ricultural Chemistry and 
Geology. Seventeenth ecution. 12mo,cloth 2 60 

JOTKSON (F. H.)« The Metals used In Construction. 
Iron, SteeL Bessemer Metal, eta Illustrated, limo,. 
cloth 75 

■ Designing and Construction of Machine Gearing. 
Illustrated. 8yo,oloth 2 00 

KANSAS OITT BRIDOE (TUBO "^th an Account 
of the Begimen of the Missouri Biver and a Descrip- 
tion of tb.e Methods used for Foundingin that Biver. 
By O. Chanute, Chief Engineer, and oeorge Morri- 
son, Assistant Engineer. Illustrated with 5 litho- 
graphic views and 12 fdates of plans. 4to,cloth... 600 

KAPP (OISBEBT O. E.). Electric Transmission 
of Energy and its Transformation, Subdivision, and 
Distribunon. A Practical Hand-book. Fourth 
edition, revised. 12mo, cloth 8 50 

•—^Dynamos, Alternators and lYansfonners. 188 
Illustrations. 12mo,cloth 4 00 

KBM PE (H. B.). The Electrical Engineer's Pocket- 
Book of Modem Bules, Formuln, Tables and Data. 
Illustrated. 82mo, mor. gilt 175 

KENNBIXY (A. B.). Theoretical Elements of Elec- 
tro-Dynamic Machinery. 8vo,cloth 160 

KI]:XM>UB, M. H., SWAN, H., ftnd BI60S, C. H, 
W. Electrical Distribution; its Theory and Practice. 
174 Illustrations. 12mo, doth 4 00 

KING (W. H.). Lessons and Practical Notes on 
Steam. The Steam Engine, Propellers, etc., for 



KINOBON (J. A.). Applied Magnetism. An intro- 
duction to the Design of Electromagnetic Apparatus. 
Svcdoth. 800 



,y Google 



JO D. VAN NOSTRAND COMPANY'S 

KIBKAIiDT ( WM. O.}. IllugtratioDS of David Kiric- 
aldr^s System of Mecnanical Testine, as OHi^inated 
and Carried ( >d by him during a Quarter of a Cfentury. 
Comprising a Lar^e Selection of Tabulated Results, 
showing the SireDirth and other Properties of Mate- 
rials used in Construction, with explanatory Text 
and Hisiorical Sketch. Numerous engravings and 
25 lithographed plates. 4to, cloth. 20 00 

BIRKWOOD (JAS. P.). Report on the Filtration of • 
River Waters for the supplv of Cities, as practised in 
Europe, made to the Board of Water Commissioners 
of the City of St. Louis. Illustrated by 80 double- 
plate engravings. 4to, cloth 7 50 

KNIGHT (AUSTIN M., Lieutenant-Commander, 
U, S. N). Modern Seamanship. Illustrated with 136 
full-page plates and diagrams. 8vo, cloth. Second 

edition, revised net 6 00 

Half morocco 7 50 

I«ARBAB££ (C. 8.)- Cipher and Secret Letter and 
Telegraphic Code, with Hog's Improvements. The 
most perfect Secret Code ever invented or discov- 
ered. Impossible to read without the key. 18mo, 
doth : 60 

IiEASK (A. BITCHIB)* Breakdowns at Sea and 
How to Repair Them. With eighty-nine Illustra- 
tions. 8vo, cloth. Second edition 2 00 

Triple and Quadruple Expansion Engines and 

Boilers and their Management. With fifty-nine 
illustrations. Third edition, revised. 12mo, cloth. . 2 00 

Refrigerating Machinery : Its Principles and 

Management, witii sixty-four illustrations. 12mo, 
cloth 200 

IiECKT (S. T. S.). " Wrinkles " in Practical Naviga- 
tion. With 130 illustrations. 8vo, cloth. Ninth 
edition, revised net 8 00 

I<EYY (C. li.)* Electric Light Primer. A Simple and 
Comprehensive Digest of all of the most important 
facts connected with the running of the dynamo, and 
electric lights, with precautions for safety. For the 
use of persons whose duty it is to look after the 
plant. 6vo,paper. 60 
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UVAOHE (ACH., Inseniear CItU Des Minoa). 

The Manufacture of vamiahes, Oil Crushing, Refin- 
ing and Boiling and Kindred Industries. Translated 
from the French and greatly extended, by John 
Geddes Mcintosh. 8vo, cloth. Illustrated. net 5 (X^ 

TOCILB (AJLFKET> G., and CHABIiES O.) A Prac- 
tical Treatise on the Manufacture of Sulphuric Acid. 
With 77 Constructive Plates drawn to iScale Meas- 
urements, and other Illustrations. Boyal 8to, cloth.lO 00 

IjOOKBBT (liOUIS). Petroleum Motor-Cars. 12mo, 
doth 150 

LOCKWOOD CpHOS. D.). Electricity, Magnetism, 
and Electro-Telegraphy. A Practical Guide for 
Students, Operators, and Inspectors. 8vo, cloth. 
Thlrdedition 2 60 

■ Electrical Measurement and the Galyanometer ; 
its Construction and Uses. Second edition. 82 illus- 
trations. 12mo, cloth • 1 60 

I^DGS (OlilVBB J.). Elementary Mechanics, 
including Hydrostatics and Pneumatics. Bevised 
edition. 12mo,cloth 160 

I«ORING (A. B.). A Hand book of the Electro-Mag- 
netic Telegraph. Fourth edition, revised 

IiUCE (Com. 8. B.). Text-Book of Seamanship. The 
Equipping and Handling of Vessels under Sail or 
Steam. For the use of theU. S. Naval Academy. 
Bevised and enlarged edition, by Lt. Wm. S. Benson. 
8vo,cloth. 1000 

IiUNGB (GEO*)* A Theoretical and Practical Treatise 
on the Manufacture of Sulphuric Acid and Alkali 
with the Collateral Branches. Vol. L Sulphuric 
Add, Second edition, revised and enlarged. 342 

Illustrations. 8vo, cloth 15 OO 

Vol. II. Second edition, revised and enlarged. 

8vo, cloth 16 80 

Vol m. 8vo, doth. New edition, 1896 15 00 

ItUNGE. (GEO.), and HUBTER, F. The AlkaU 
Maker's Pocket-Book. Tables and Analytical Meth- 
ods for Manufacturers of Sulphuric Acid, Nitric 
Acid, Soda, Potash and Anamonia. Second edition. 
12mo,cloth 8ji^ 
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t^UQUKB gUKA MoELTAINB, Pb. D.). Minerals 
in Bock Sectkms. The Practical Method of Identi- 
fying Minerals in Bock Sections with the micro- 
scope, Especiallr arranged for Students in Technical 
and Sdentiflc Schools. Sro. doth. Illustrated.. net 1 6t 

. XAOXBOW (CI.EMBNT). The NaTal Architect's 
and Ship-Buuder's Focket-Book of Formuiao, Bules 
and Tables; and Eng:ineer8* and Surreyors' Handy- 
Book of Beference. Eighth edition, revised and en- 
larged. ]6mo, limp leather. Illustrated 5 00 

MAOUIBi: (Capt. BDWABD. U. S. A.)* The 
Attack and Defence of Cloast Fortifications. With 
Maps and Numerous Illustrations. 8vo, cloth 2 50 

MAOUIBi: (WM. B.). Domestic Sanitary Drainage 
and Plumbing Lectures on Practical Sanitation. 882 
illustrations. 9vo 4 00 

MABKS (EDWABD C. B.)* Mechanical Engineering ^ 
Materials: their Properties and Treatment in Ck>n- 
struction. 12mo,cloth. Illustrated. 60 

Notes on the Construction of Cranes and lifting 

Machinery. 12mo, cloth 150 

MARKS (G. C). Hydraulic Power Engineering: a 
Practical Manual on the Concentration and Trans- 
mission of Power by Hydraulic Machinery. With 
oTer 900 diagrams, figures, and tables. 8vo, cloth. 
Illustrated 8 50 

MAvisK (WBI.)« American Telegraphy: Systems, 
Apparatus, Operation. 400 illustrations. 8vo, doth. 8 50 

MATBB (Prot. A. M.)« Lecture Notes on Physics. 
8TO,doth 2 00 

MeCULLOCH (Prf>f. B. S.)* Elementary Treatise 
on the Mechanical Theory of Heat, and its applica- 
tion to Air and Steam Engines. 870, doth 8 50 

MeNBnX (BEDFOBD). McNeill^s Code. Arranged 
to meet the requirements of Mining, Metallurgical 
and CiTil Engineers, Directors of Mining, 8melt- 
-^ing and otherCompanies, Bankers, Stocic and Share 
Brokers, Solicitors, Accountants, Financiers, and 
General Merchants. Safety and Secrecy* 8vo,doth. 6 00 
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McPHBBSON (J. A., A. M. Inst C, E.), Water- 
works Distribution: a practical guide to the laying 
out of qrstems of distributing mains for the supply 
of water Co cities and towns. With tables, folding 
plates and numerous full-page diagrams. Srob 
doth. Illustrated 7. % 80 

wnETAL, TUBNIKO* By a Foreman Pattern Maker. 
Illustrated with 81 engraTiogs. 12mo, cloth 100 

MlVlWim (WM.). Mechanical Drawing. A Text- 
bo >k f Geometrical Braw.ng for the use of Mechanics 
and Schools, in which the Deflnitions and Rules of 
Qeoui«-try nre ftuniliarly explained; the Practical 
Problems are arranged from the most simple to the 
more complex, and in their description technicalities 
are avoid^'d as mu<-h as possible. With illustrations 
for Drawing Plans. Sections, and Elefations of Bail- 
ways and Mitchinery; an Introduction to Isometrlcil 
Drawing, aud an Essay on linear Perspective and 
Shadows Illustrated witb over 200 diagrams 
engraTed on steel. Ninth thousand. With aa appen- 
dix on the Theory and Application of Ck>lors. 8to, 
doth .400 

Geometrical Drawing. Abridged from the Octavo 

edition, for the use of schools. Illustrated with 48 
steelplates. Ninth edition. lSmo,cloth 8 00 

MODBBK ]m:TBOBOIX>OY. A Series of Six 
Lectur es, delivered under the auspices of the Meteor- 
ological Sodety in 187D. Illustrated. 12mo,doth . 1 60 

MOREINO (C. A.), and VKAL (THOMAS). Te'e- 
ffraphio Mining Ck>je Alphabetically arranged. 
Second edition. 8vo,cloth. 8 40 

MOBBIS (E.). Eaay Boles for the Measurement of 
Earthworks by means of the Prismoidal Formula. 
8vo, doth, mustrated 150 

MOSES (AliFBED J.), and PABSONS, C. L. Ele- 
ments of Mineralogy, Crystallography and Blowpipe 
Analysis from a practical standpoint. Fourth 
thousand. 8vo, doth. 866 illustrations net 2 &0 

MOSES (AXFBED J.). The Characters of Crystals. 
An Introduction to Physical Crystallography, con- 
taining 821 Illustrations and Diagrams. 8vo, 211 
pp. net 2 00 
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MOOBB (B. C. S.)* New Tables for the Complete 
Solution of Gan^IIet and Kutter*s Formula for the 
flow of liquids in open channels, pipes, sewers and 
conduits. In two parts. Part I, arran^ced for 1,060 
inclinations from 1 over 1 to 1 over 21,11^ for fifteen 
different values of (n). Part II, for use with all other 
values of (n). With large folding diagram. 8vo, 
cloth. Illustrated net 5 00 

JKUIXIN (JOSBPH P., M. £.). Modem Moulding 
and Pattern-Making. A Practical Treatise upon 
Pattern Shop and Foundry Work; embracing the 
Moulding of Pulleys, Spur Clears, Worm Gears, Bal- 
ance- Wheels, Stationary En^e and Locomotive 
Cylinders, Globe Valves, Tool work, Mining Machin- 
ery, Screw Propellers, Pattem<#iop Machinery, and 
the latest improvements in Elaglish and American 
Cupolas; together with a large Collection of original 
and carefully selected Bules and Tables for every- 
day use in the Drawing Office, Pattern-Shop and 
Foimdry. ISmo, cloth. Illustrated 2 60 

MUNBO (JOHN C. £.)> and JAMIBSON 

ANDREW. C. E. A Pocket-book of Electrical 

Bules and Tables for the use of Electricians and 

|. Engineers. Thirteenth edition, revised and enlarged. 

With numerous diagrams. Pocket size. Leather.. 2 50 

MUBPHT (J. O., M. E.). Practical Mining. A 
Field Manual for MiningEngineers. With Hints for 
Investors in Mining Properties. 16mo, morocco 
tucks 100 

NAQUET (A.). Legal Chemistry. A Gtiide to the 
Detection of Poisons, Falsification of Writings, 
Adulteration of Alimentary and Pharmaceutical 
Substances, Analysis of Ashes, and examination of 
Hair, Coins, Arms, and Stains, as applied to Chemi- 
cal Jurisprudence. Translated from the French, 
by J. P. Battershall, Ph. D., with a preface by C. F. 
dhandler. Ph. D., M. D., LL. D. 12mo, cloth 2 00 

NASMITH (JOSEPH). The Student's Cotton Spin- 
ning. Third edition, revised and enlarged. 8vo, 
clom. 622 pages. 250 Illustrations 3 00 

KEWALL (JOHN W.). Plain Practical Directions 
for Drawing, Sizing and Cutting Bevel-Gears, show- 
ing how the Teeth may be cut in a Plain Milling 
Machine or Gear Cuttei^ so as to give them a correct 
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shape from end to end; and showing how to get oat 
all particulars for the Workshop without miJdiig 
any Drawings. Including a FuU 'Set of Tables of 
Reference. Folding plates. 8vo, cloth 1 60 

NEUBUR6EB (HBNRT) and HBNBI NOAI.- 
HAT. Technology of Petroleum. The Oil Fields 
of the World; their History, (Geography and Geology. 
With 158 illustrations and 25 plates. Translated 
from the French by John Qeddes Mcintosh. 8vo, 
cloth net 10 00 

JiJfiWULNDS (JAMES). The Carpenters* and Join- 
ers^ Assistant: being a Comprehensive Treatise on 
the Selection, Preparation and Strength of Mate- 
rials, and the Mechanical Principles of Framing, 
niustrated. Folio, half morocco 15 00 

mPHEB (FRANCIS £., A. M.). Theorv of Mag- 
netic Measurements, with an appendix on the 
Method of Least Squares. 12mo, cloth 1 00 

VOAJD (HEXBT M.). The Students* Text-Book of 
Electric!^. A new edition, carefully revised. With 
an Introduction and additional chapters by W. H. 
Preece. With 471 illustrations. 12mo, cloth 4 00 

NUGENT (E.). Treatise on Optics; or. Light and Sight 
theoreticaliv- and practically treated, with the ampli- 
cation to fine Art and Industrial Pursuits. With 
JOS illustrations. 12mo,cloth 160 

O'CONNOR (HENRY). The Gas Engineer's Pocket- 
Book. Comprising Tables, Notes and Memoranda; 
relating to me Manufacture, Distribution aud Use 
of Coal Gas and the Construction of Gas Works. 
12mo, fullleather, gilt edges 8 50 

OUDIN (M. AO* Standard Polyphase Apparatus and . 
Systems. With many photo-reproductions, dla- ' 
grams, and tables. Third edition, revised. 8vo, 
cloth. lUustrated 8 00 

PAOE (DAVID). The Earth's Crust, A Handy Out- 
line of Geology. 16mo, cloth 75 

PALAZ (A., ScD.). A Treatise on Industrial Pho- 
tometry, with special application to Electric Light- 
, Ing. Authorized translation from the French, by- 
George W. Patterson, Jr. Second edition, revisea. 
8vo,cloth. Illustrated 4 00 
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PAB8HAI«Ii (H. F.) and H. M. HO BART. 

Armature Wiodinn of Electric Machines. With 140 
full-paf?e plates, 06' tables, and 166 pagres of descrip- 
tive lotter-press. 4to, doih 7 56 

PICIROE (B.). System of Analytic Mechanics. 4to, 
cloth 10 00 

PKBRINE (F. A. O., A.M., D.So.). (Conductors 
for Electrical Distribution; their Manufacture and 
Materials, the Oalculation of Circuits, Pole-Line 
Construction, Underground Worldog and other Uses. 

8yo, cloth. Illustrated net 3 50 

Postage 25 

PRRRT (JOHIl). Applied Mechanics. A TrMttise 
for the use of students who have ti^e to work 
experimental, numerical and graphical exercises 
illustrating the subject. 8to, doth. 660 pages., net 2 60 

PHIIXIPS (JOSHUA). Engineering C!hemistiy. A 
Practical Treatise for the use of Analytical dhem- 
ists. Engineers, Iron Masters, Iron Founders, 
students and others, (^mprising methods of Analy- 
sis and Valuation of the principal materials used in 
Engineering works, with numerous Analyses, Exam- 
ples and Suggestions. 814 illustrations. Second 
edition, revisea and enlarged. 8vo, cloth 4 50 

PICKWORTH (CHAS. N.). The Indicator Hand- 
book. A Practical Manual for Engineers. Part I. 
The Indicator: Its Construction and Application. 81 
illustrations. 12mo, doth 160 

^—- The Slide Rule. A Practical Manual of Instruc- 
tion for all Users of the Modem Type of Slide Rule, 
exhibiting the Application of the uistrument to the 
Everyday Work of the Engineer,— Civil, Mechanical 
and Electrical. 12mo, fle^ble cloth. Fifth edition. 80 

PltANR T ABIiE (THB). Its Uses in Topographical 
Surve3ring. From the Papers of the United States 
CoastSurv^. Illustrated. 8vo, doth 2 00 

PUiNTX: (OASTOM). The Storacn of Electrical 
Energy, and Researches in the Effects created by 
Currents, combining Quantity with High Tension. 
Translated from the french oy Paul B. Elwell. 80 
lllostrations. 8n> 4 00 

PULTTNICB. Manual of <)ualitaUve and (Quantitative 
Analysis with the Blow-Pipe. Eighth edition, re- 
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▼iMd. TransUted bj Henry B. Cornwall, B.M., fhJD., 
mmUfSt^d by John h!. OMwell, A.M. From tho lixtfa 
Gorman edition, by Prof. Friedilch Xolbeok. Hint* 
trated with 87 woodcuts. 468 paces. 8to, cloth.. net 4 00 

PI«TMPTON (Prof. OBO. W.). The Aneroid Ba- 
rometer: ite Construction and Use. Compiled tnm 
sereral sources. Fourth edition. 16mo, boards. 
Illustrated 50 

VO(3KJET I.OOABITHMS, to Four Places of Deci- 
mals, including Logarithms of Numbers, and Lon- 
rithmic Sines and Tangents to Single Minutes. To 
which is added a Table of Natural Sines, Tangents, 
and Co-Tangents. 16mo, boards &k 

POPE (V. !<•). Modem Practice of the Electric Teto> 
graph. A Technical Hand-book for Electrlciaiis, 
Managers and Operators. Fifteenth edition, rewrit- 
ten andenlarged, and fully illustrated. 8to, cloth. 1 50 

POFPIiEWBIX (W. C.)* Elementary Treatise on 
Heat and Heat Engines. Specially adapted for 
engineers and students of engineering. ISmo, cloth. 
Illustrated. 3 00 

POWUBS (H. H.). Steam Boilers. (In Press.) 

PBAT (Jr., THOMAS). Twentr Years with the 
Indicator; being a Practical Text-Book for the 
Engineer or the Student, with no complex Formulae. 
Illustrated. 8vo, cloth 2 60 

— ^— Steam Tables and Engine Constant. Compiled 
from Regnault, Rankineand Dixon directly, making 
use of the exact records. Bro, cloth 3 00 

PBAOTICAI« IBON FOUNDING. By the Author 
of ''Pattern Making,'^ &c, &c. Illustrated with 
oyer one hundred engravings. 12mo, cloth 1 50 

PBEBCi: (W.ijH.). Electric Lamps (In Press.) 

PBBECE (W. H.), and STUBBS, A. T. Manual 
of Telephony. lUustrattons and plates. ISmo, cloth. 4 50 

PBEMIEB COBB. (See Hawk, Wm. H.) 

PBESCOTT (Prof. A. B.). Organic Analysis. A 

Manual of the DescriptiTe and Analytical Chemistry 

of certain Carbon Compounds in Conmion Use; a 

> Guide in the Qualitatire and Quantitative Analysis 

•f Organic Materials in Commerdal and Phama- 
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oeutioal Assays, In the estimatton of Impurities 
under Authorised Standards, and in Forensic Exam- 
inations for Poisons, with Directions for Elementary 
Organic Analysis. Fifth edition. 6vo, cloth 5 00 

PBESCOTT (Prof. A. B.). Outlines of Proximate 
Organic Analysis, for the Identification, Separation, 
ana Quantitative Determination of the more com- 
monly occurring Organic Compounds. Fourth edi- 
tion. Itmo, cloth 175 

First Book in Qualitative Chemistry. Eighth 
edition. 12mo, cloth . 160 

and Otis Coe Johnson. Qualitatire Chemical 

Amiljsis. A Ouide in the Practical Studv of Chem- 
istry and in the work of Analysis. Fifth fully re- 
▼iscMl edition. With Descriptive Chemistry extended 
throughout net 3 50 

PBITCH ABD (O. O.). The Manufacture of Electric 
Light Carbons. Illustrated. 8vo, paper 60 

PUIiliBN (W. W. F.}. Application of Graphic Meth- 
ods to the Design of Structures. Specially prepared 
for the use of Engineers. 12mo, cloth. Illustrated. 

net 2 60 

PUI^SIFEB (W. H.)* Notes for a History of Lead. 
8vo, cloth, gilt tops 4 00 

PTNCHON (Prof. T. B.). Introduction to Chemical 
Physics, designed for the use of Academies, Col- 
leges, and High Schools. Illustrated with numerous 
engravings, and containing copious experiments 
with directions for preparmg tnem. New edition, 
revised and enlarged, and illustrated by 269 illustra- 
tions on wood. 8vo, cloth 8 00 

BADFOBD (Lieut. CYBl^S S.). Hand-book on 
Naval Gunnery. Prepared by Authority of the Navy 
Department. For the use of U. S. Navy, U. S. 
Marine Corps and U. S. Naval Reserves. Revised 
and enlarged, with the assistance of Stokely Morgan, 
Lieut. U. S. N. Third edition. 12mo, flexible leather. 2 00 

BAFTEB (GEO. W.), and M. N. BAKEB. Sew- 
age Disposal in the United States. Illustrations and 
folding plates. Second edition. Svo, cloth 6 00 

BAM (GILBEBT S.). The Incandescent Lamp and 
its Manufacture, Svo.cloth 8 00 
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BANDAIX (J. B.). ▲ Practical TreatiM ca the 
iBcandctcant Lamp. Blustratad. ISmo, clotk St 

BANDAIX (P. M.). Quarts Operator's Hand-book. 
New edition, revised and enlamd, taiiy iUustrated. 
ISmo. cloth att 

BANKnns (W. J. KACQVOBN.) Applied If ediaii- 
ics. Ck>mprising the FtmcipleB or Statics and Cine- 
matics, and Theory of Stmctures, Mechanism, and 
Machines. With numerous diaArams. Fifteenth 
edition. Thoroughly revised by W. J. Millar. 8to, 
cloth ... 5 00- 



- Civil EDKineerinff. Comprising Engineering Sur- 
. Bys, Earthwork, Foundations, Masonry, Carpentry, 
Metal Work, Roads, BaUways, Canals, Bivers, 



Water Works, Harbors, etc. With numerous tables 
and illustrations. Twentieth edition. Thoroughly 
revised by W. J. Millar. 8vo, cloth CM 

Machinery and Millwork. Comprising the Geom- 
etry, Motions, Work, Strength, Construction, and 
Objects of Machines, etc. illustrated with nearly 
800 wood cuts. Seventh edition. Thoroughly revised 
by W. J. Millar. 8vo, cloth 6 00 

The StQam Engine and other Prime Movers. 

With diagram of the Mechanical Properties of 
Steam-foIdlng plates, numerous tables and illustra- 
tions. Thirteenth edition. Thoroughly revised by 
W.J.Millar. 8vo,cloth 6 OO 

Useful Rules and Tables for Engineers and 

Others. With appendix, tables, tests, and formul» 
for the use of electrical Engint^rs. Comprising 
Submarine Electrical Engineering, Electric Lighting, 
and Traosmission of Power. By Andrew Jamieson, 
C. £., F. R S. E. Seventh edition. Thoroughly 
revised by W. J. Millar. Crown 8vo, cloth 4 00 

A Mechanical Text-Book. By Prof. Macquom 

Rankine and E F. Bamber, C. E. With numerous 
illustrations. Fourth edition. 8vo, cloth S 50 

RAPH A.BI. (F. €.)• fLocalisation of Faults in Electric 
LightMains. 8vo, cloth 2 00 

BBCKBNZAUN (A.)* Electric Traction on Railwajrs 
and Tramways. 218 illustrations. ISmo. cloth 4 00 
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RS£D*S SNGIITBSBS' HANB-BOOK to the 

Local Marine Board Examinations for Certificates 
of Competency as First and Second Ciass Engineers. 
By W. H. Thorn. With the answers to the Elemen- 
tary Questions. Illustrated by 297 diagrams and 36 
large plates. Seventeenth edition, revised and en- 
larged. 8vo, cloth 6 00 

■ Key to the Seventeenth Edition of Reed's 
Engineer's Hand-book to the Board of Trade Exami* 
nations for First and Second Class Engineers and 
containing the working of all the questions given in 
the ezamination^ papers. By W. H Thorn. 8vo» 
cloth 800 

' Useful Hints to Sea-going Engineers, and How to 
Repair and Avoid ** Break Downs; '* also Appendices 
Containing Boiler Explosions, Useful Formulae, 
etc. With 36 diagrams and 4 plates. Second edition, 
revised and enlarged. 12mo, cloth 1 60 

Marine Boilers: A Treatise on the Causes and 

Prevention of their Priming, with Remarks on their 
General Management. Illustrated. 12mo, cloth... 2 00 

REINHABDT (CHAS. W.). Lettering for Drafts- 
men, Engineers and Students. A Practical System 
of Free-nand Lettering for Working Drawings. 
Thoroughly revised and largely rewritten. Thir- 
teenth thouMind. Oblong, boards 1 00 

BICE (J. M.)., and JOHNSON, W. W. On a 

New Method of obtaining the Differential of Func- 
tions, with especial reference to the Newtonian 
Conception of Rates or Velocities. 12mo, paper. ... 50 

BINGWAIiT (J. !«.}. Development of Transporta- 
tion Systems in tne United States, Comprising a 
Comprehensive Description of the leading features 
of advancement from the colonial era to the present 
time. With illustrations. Quarto, half morocco. . 7 60 

BIPPEB (WTLIXAM). A Course of Instruction in 
Machine Drawing and Design for Technical Schools 
and Engineer Students. With 52 plates and numer- 
ous explanatory engravings. Folio, cloth 6 00 

BOEBIiING (J. A.). Long and Short Span RaUway 
Bridges. Illustrated with large copperplate 
^ engravings of plans and views. Imperial zolio, 
cloth 25 00 
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IIOOBRS (ProCi H. !>.)• The] Geology of Penn^jl- 
▼ania. A QoTemment Survey, with a General View 
of the Geology of the United States, eaaays on the 
Ooal Formation and its Fossils, and a description of 
the Coal Fields of North America and Great 
Britain. Illustrated with plates and engravings in 
the text. 8 vols., 4to, cloth, with portfolio of maps. 15 00 

BOSB (JOSHUA, M. E.)* The Pattem-MalEers* 
Assistant. Embracing Lathe Work, Branch Work, 
Core Work, Sweep Work, and Practical Gear Con- 
structions, the Preparation and Use of Tools, 
together with a large collection of useful and valu- 
able Tables. Tenth edition. Illustrated with 250 
engravings. 8vo, cloth 2 50 

—— Key to Engines and Engine-running. A Practical 
Treatise upon the Management of Steam Eni^es 
and Boilers for the Use of Those who Desire to Pass 
an Examination to TaKe Charge of an Engine or 
Boiler. With numerous illustrations, and Instruc- 
tions Upon Engineers' Calculations, Indicators, 
Diagrams, Engine Adjustments, and ottier Valuable 
Information necessary for Engineers and Firemen. 
12mo, cloth 360 

SABINB (BOBBBT). History and Progress of the 
Electric Telegraph. With descriptions of some of 
the apparatus. Second edition, with additions. 
12mo, cloth 126 

SABIiTZBB (AliEX.). Treatise on Acoustics in con- 
nection witii Ventilation. 12mo, cloth 100 

SAIX>MONS (Sir BATID, M. A.). Electric Light 
Installations. A Practical Hand-book. Eighth 
edition, revised and enlarged, with numerous illus- 
trations. Vol. I. The management of Accumula- 
tors. 12mo, cloth , 150 

VoL n.. Apparatus, 296 illustrations. 12mo, cloth. 2 26 
Vol. m.. Applications. 12mo, cloth 150 

8ANFOBB (P. OBBALD). Nitro-Explosfres. A 
Practical Treatise concerning the Properties, Manu- 
facture and Analysis of Nitrated Substances, includ- 
> ing the Fulminates, Smokeless Powders and (Dellu- 
loH. 8vo, cloth, 270 pages 8 00 

8AUXNIBB (CLAUDIUS). Watchmaker's Hand- 
book. A Workshop Companion for those engaged 
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to Wtfthmalrtng and aPted Mechmtml Arts. TrmnM- 
lAtedbfJ.THpplto andB Bin. Seoond MUtton, 
reriMd with appendix. 12mo,eIotfa S 60 

8CHSIXBN CDr. H.)« Magneto-EIeetrio and I>7namo- 
Electrio Ifachtow: their Ck>natniction and Practical 
Application to Electric LiKhting, and the Transmis- 
sion of Power. Translated from the third German 
edition, by N. S. Keith and Percj Neymann, Ph. D. 
With Tery large additions and notes relating to 
American Machines, by N. S. Keith. YoL L, with 858 
illustrations. Second edition .6 00 

SCIHUMANir (FO. A Manual of Heating and Venti- 
lation to its Practical Application, for the use of 
Engtoeers and Architects. Embractog a series of 
Tables and FormulcB for dimensions of heating, flow 
and return pipes for steam and hot water Iwilers, 
flues, etc. l&LO, illustrated, full roan 1 60 

SCTKIBIfES iJ. MO' i;LL^iui.^n^' and Mechanics' 
Companion, Com pr\ ei n ^ United Btatea Weights and 
MtiAfitiree. MeDSiir^tion of Super flees and Solids, 
TablBB of Squares tind Cubes, Squnn^ aod Cube Roots. 
CiriJiiiDferetice and Areas of rfreles, the Mechanical 
Powers, Centrefl of GrJivity, GraTitfition of fiodies, 
PeDdulums^ Sppciflc Gravity of Bodies, Strength, 
Weight, and CruAh of Marerlala, Water-Wheels, 
Hy<frOHt«tics, Hyc! ran lies, Statics, Centres of Per- 
cui^Klon aad Gyration, Friction Heat, Tables of the 
W^^if^ht of MetAlFf), Scantling, etc., Steam and the 
fitouu Engine. TwentL&Lh edition t^?ised* lOmo, 
fulimorocco. 150 

8BATON (A. E.)* A Manual of Marine Engtoeering. 
Comprising the Designing, Construction and Work- 
tog of Marine Machmerv. With numerous tables 
and illustrations reducea from Working Drawtogs. 
Fourteenth edition. Revised throughout, with an 
additional chapter on Water Tube Boilers. Svo., 
cloth ..000 

and BOUNTHWAITB ( H. M.). A Pocket- 
book of Marine Engineering Rules and Tables. For 
the use of Marine Engineers and Naval Architects, 
Designers, Draughtsmen, Superintendents, and all 
engaked in the design and construction of Marine 
Machinery, Naval and Mercantile. Fifth edition, 
revised and enlarged. Pocket sise. Leather, with 
diagrams. 12mo. morocco Illustrated 8 00 
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81EXTON (A. HIJMBOIJ>T). Fuel and Bafrtotoiy 
MAteriAls. 8to, cloth S Ot 

SHIEIiDS (J. B.)* Notes on Engineering Ck>n8trao- 
tion Embracing Discussions of the Principles 
inrolved, and Descriptions of the Material employed 
in Tunnelling, Bridging, Canal and Road Building, 
etc. 12mo,cloth 180 

SHOOK (WM. H.)« Steam Boilers: Their Design, 
Construction and Management. 4to, half morocco. 16 00 

SHREVE <S. H.)* A Treatise on the Strength of 
Bridges and Roofs. Comprising the determination 
of Algebraic formulas for strains in Horizontal, 
Inclined or Rafter, Triangular, Bowstring. Lenticu- 
lar, and other Trusses, from fixed and moTing loads, 
with practical applications and examples, for the 
use of Students and Engineers. 87 woodcut illus. 
Fourth edition. 8to, cloth 8 80 

SHUNK ( W. F.). The Field Engineer. A Handy 
Book of OTactice in the Survey, Location, and Truck- 
work of Kailroads, containing a large collection of 
Rules and Tables, original and selected, applicable 
to both the Standard and Narrow Gteuge, and pre- 
pared with special reference to the wants of the 
young Engineer. Fourteenth edition, revised and 
enlai^ed. 12mo, morocco, tucks 9 60 

SIMMS (F. W.)* A Treatise on the Principles and 
Practice of Levelling. Showing its application to 
purposes of RaUway Engineering, and the Con- 
struction of Roads, etc. Revised and corrected, 
with the addition of Mr. Laws* Practical Examples 
for setting out RaUway Curves. Illustrated. 8vo, 
cloth ; $80 

t IMMS (W. F.)« Practical Tunnelling. Fourth edition, 
revised and greatly extended. With additional 
chapters illustrating recent practice by D. Kinnear 
Clark. With 86 plates and other illustrations. Im- 
perial 8vo, cloth 12 00 

SLATER (J. W.)* Sewage Treatment. Purification, 
and Utilization. A Practical Manual for the Use of 
Corporations, Local Boards, Medical Officers of 
Health, Inspectors of Nuisances, Chemists, Manu- 
facturers, Ripariaib Oimers, Engineers, and Rate- 
payers. 12mo,cloth 2SI 
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SMITH (ISAAC W,, O. B.). The Theoiy of Deflec- 
tions and of Latitudes and Departures, with special 
applications to Curvilinear Surveys, for Alignments 
of Railway Tracks. Dlustrated. 16mo, morocco, 
tucks 3 00 

SNBIX (AliBION T.). Electric Motive Power: The 
Transmission and Distribution of Electric Power by 
Continuous and Alternate Currents With a Section 
on the Applications of Electricity to Mining Work. 
Second edition. 8vo, cloth, illustrated 4 OO 

8PSYEBS (CliARENCE t.). Text-Book of Physi- 
cal Chemistry. 6vo, cloth 2 2& 

STAHIi (A. W.), and A. T. WOODS. Elementary 
Mechanism. A Text-Book for Students of Mechanical 
Engineering. lilleveniii ediiiou, enlarged. l;^mo, 
cloth 200 

8TAXET (OADT), and PIEBSON, GEO. S. The 
Separate System of Sewerage: its Theory and Con- 
struction. Third edition, revised. 8vo, cloth. With 
maps, plates and illustrations . . 3 00 

STEVENSON (DAVID, F.B.S.N.). The Principles 
and Practice of Canal and River Engineering. Re- 
vised by his sons David Alan Stevenson, B. Sc, F. R. 
S.E., and Charles Alexander Stevenson, B. Sc, F.R. 
8.E., Civil Engineer. Third edition, with 17 plates, 
8vo, cloth 1000 

The Design and C!on8truction of Harbors, A 

Treatise on Maritime Engineering. Third edition 
with24plates, 8vo, cloth lO 00 

8TEWABT (B. W.). A Text Book of Light, Adapted 
to the Requirements of the>Intermecuate Science 
and Preliminary Scientific Examinations of the Uni- 
versity of London, and also for General Use, 
Numerous Diagrams and Examples. 12mo, cloth.. 100 

STEWART (B. W.). A Text Book of Heat, Dlus- 
trated, 8vo, doth 100 

A Text Book of Magnetism and Electricity, 160 

Dlus. and Numerous Examples. 12mo, cloth 1 Ot^ 

STTLES (AMOS). Tables for Field Engineers. De- 
signed for use in the field. Tables containing all 
the functions of a one degree curve, from which a 
corresponding one can be found for any required 
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degree. Also, Tables of Natural Sines and Tangents. 
12mo, morocco, tucks 2 00 

STUXMAN (PAITL). Steam Engine Indicator and 
the Improved Manometer Steam and Vacuum 
Gauges; their Utility and Application. New edition. 
12mo, flexible cloth.. 100 

STONE (General BOY). New Roads and Boad Laws 
in the United States. 200 pages, with numerous 
iUustrations. 12mo. cloth 100 

STUABT (C. B., U. 8. N.). Lives and Works of avil 
and Military Engineers of America. With 10 steel- 
plate engravings. 8vo, cloth 5 00 

■ The Naval Dry Docks of the United States. Illus- 
trated with 24 fine Engravings on Steel. Fourth 
edition. 4to, cloth 6 00 

SWINTON (ALAN A. CAMPBBLL). The Elemen- 
tary Principle of Electric Lighting. Dlustrated. 
12mo, cloth 60 

TBMPLETON (WM.). The Practical Mechanic's 
Work-shop Companion. Comprising a great variety 
of the most useful rules and formulae in Mechanical 
Science, with numerous tables of practical data and 
calculated results facilitating mechanical opera- 
tions. Revised and enlarged by W. S. Hutton. 
12mo, morocco 2 00 

THOM (CHAS.), and WILLIS H. JONES. Tele- 
graphic Connections: embracing Recent Methods in 
Quadruples Telegraphy. Oblong, 8vo, cloth. 20 full 
page plates, some colored 1 50 

THOMPSON (EDWARD P., M. E.). How to 
Make Inventions; or Inventing as a Science and an 
Art. A Practical Guide for Inventors. Second 
edition. 8vo, boards 1 OO 

Roentgen Rays and Phenomena of the Anode and 

Cathode Principles, Applications and Theories. 
For Students, Teachers, Physicians, Photographers, 
Electricians and others. Assisted by Louis M. 
Pignolet, N. D. C. Hodges, and Ludwig uutmann, E. 
E. With a Cliapter on G(eneraIizations, Arguments, 
Theories, Kindred Radiations and Phenomena. By 
Professor Wm. Anthony. 8vo, cloth. 60 Diagrams, 
40 Halftones 1 60 
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TODD(JOHN% and W. B. WHAIX. PnustiOAl 
Seamanship for Use in the Merchant Service: Includ- 
ing all ordinarjsabjects: also Steam Seamanship, 
Yfnck lifting, AvoidiDff Oolli8ion,WireSpUoinc, Dis- 
plaoement, and eterytDing necessary to be Imown 
py seamen of the present day. Second edition, with 
247 illustrations and diagrams. 8to, cloth 8 00 

TOOTHED OB ABINO. A Practical Handbook for 
Offices and Workshops. By a Foreman Pattern- 
maker. 184 Blustrationi. 12mo. cloth 8 S6 

TBATMAK (B. B. BUSSBIX). BaUim* Track and 
Track Work. With over two nundred illustrations. 
8vo, cloth "^00 

TRBTBBT (EDWABD). How to Build I>7namo 
Electric Machinery, embracing Theory Designink^ 
and Construction of Dynamos and Motors, ^^ith 
appendices on Field Magnet and Armature Winding. 
Management of Dsmamos and Motors, and Useful 
Tables of Wire Gtuges. Illustrated. 8to, cloth . . 2 60 

■ Electricity and its Recent Applications. A Prac- 
tical Treatise for Students and Amateurs, with an 
Illustrated Dictionaiy of Electrical Terms and 
Phrases. Illustrated. 12mo,cloth 2 00 

TUCKEB (Dr. J. H.)- A Manual of Sugar Analjrsis, 
including the Applications in General of Analytical 
Methods to the Sugar Industiy. With an Introduc- 
tion on the Chemistry of Cane Sugar. Dextrose, 
Leyulose, and Milk Sugar. 8vo, doth. Illustrated. 8 60 

TUMUBZ (Dr. O.). Potential and its AppUcation to 
the Explanation of Electric Phenomena, Popularly 
Treated. Translated from the Qerman by D. Robert- 
son. Illustrated. 12mo,cloth 185 

TUNNBB (P. A.). Treatise on Roll-Turning for the 
Manufacture of Iron. Translated and adapted by 
John B. Pearse, of the Pennsylvania Steel Works, 
with numerous engravings, wood-cuts. 8vo, cloth, 
with f oho atlas of plates 10 00 

UBQUHABT (J. W.). Electric Light Fitting. Em- 
bodying Practical Notes on Installation Management. 
A Hand-book for Working Electrical Enguieers— 
with numerous illustrations. 12mo, cloth 2 00 

— Electro>Plating. A Practical Hand-book on the 

Deposition of Copper, Silver, Nickel, Gold, Brass, 
Aluminum, Platinum, etc. Fourth edition. 12mo. . 8 00 
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UBQUHABT, (J. W.). Pynamo Constnic-tion : a 
tactical Hand-book for the Use of Engineer Con- 
structors and Electricians in Charge, embracing 
Frame Work Building, Field Magnet and Armature 
Winding and Grouping, Compounding, etc., with 
Examples of Leading English, American and Con- 
tinental Dynamos and Motors, with numerous illus- 
ratitms. 12mo. cloth 3 OO 

Electric Ship Lighting. A Hand-book on the 

Practical Fitting and Bunning of Ship's Electrical 
Plant. For the Use of Ship Owners azkd Builders, 
Marine Electricians and Sea Gk>ing Engineers-in- 
Charge. Numerous illustrations. l2mo, cloth ..... 3 00^ 

UNITEBSAL TELEGRAPH CIPHER CODE. 
Arranged for General Correspondence. 12mo, cloth. 1 00 

VAN NOSTRAND'S ENGINEERING MAGA- 
ZINE. Complete sets, 1869 to 1886 inclusive. 

Completesets, 35 vols., in cloth 60 OQ 

Complete sets, 35 vols., in half morocco 100 00 

VAN WAGENEN (T. F.). Manual of HydrauUc 
Mining. For the Use of the Practical Miner. 
Bevised and enlarged edition. 18mo, cloth 1 00 

WALKER (SIDNEY F.). Electric Lighting for 
Marine Engineers, or How to Light a Ship by the 
Electric light and How to Keep the Apparatus in 
Order. 103 illustrations. 8vo, cloth. Second edition. 2 00 

WALLIS-TAYLER (A. J.). Modem Cycles. A 
Practical Hand-book on their Construction and 
BeiMdr. With 800 illustrations. 8vo, cloth. 4 00 

Motor Cars, or Power Carriages for Conunon 

Beads. 8vo, cloth, with numerous illustrations 1 80 

Bearings and Lubrication. A Hand-book for 
every user of Machinery. 8vo, cloth, fully illus- 
trated 160 

Befrigeration and Cold Storage, and Ice-making. 

A practical treatise on the art and science of refrig- 
eration. With 361 cuts and diagrams. 8vo. Cloth, 
niustrated net 4 50 

• Sugar Machinery. A Descriptive Treatise devoted 

to the Machinery and Apparatus used in the Manu- 
facture of Cane and Beet Sugars. 12mo, cloth, 
niustrated 2 08 
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"WANBXTN (J. A.). A Practical Treatise on the 
Examination of WXk and its Derivatiyes, Cream, 
Butter, and Oheese. 12mo, cloth .. 100 

Water Analysis. A Practical Treatise on the 

Examination of Potable Water. Tenth Edition. 
l2mo,cloth 2 00 

WAN8BBQUOH (WM. D.). The A. B. C. of the 
Differential Calculus. 12mo, cloth 160 

"WARD (J. H.). St«am for the Million. A Popular 
Treaise on Steam, and its application to the useful 
Arts, especially to Navigation. 8vo, cloth 1 00 

"V^ABING (GEO. ]C.» Jr.). Sewerage and Land 
Drainage. Illustrated with wood-cut« in the text, 
«nd full-page and folding plates. Quarto. Cloth. 
Third ediSon 6 00 

Modem Methods of Sewage Disposal for Towns. 

Public Institutions and Isouited Houses. Second 
^edition, revised and enlarged. 260 pages. Illus- 
trated. Cloth 200 

How to Drain a House. Practical Information 

for Householders. New and enlarged edition. 12mo, 
cloth 185 

'WATSON (B. P.). Small Engines and Boilers. A 
Manual of Concise and Spe^c Directions for the 
Construction of Small Steam Engines and Boilers of 
Modem Types from five Horse-power down to model 
sizes. 12mo, cloth. Illustrated with Numerous Dia- 
grams and Half Tone Cuts. New York, 1809 . 1 25 

'WATT (ALEXANDEB). The Electro-plating and 
Electro-refining of Metals : being a new edition of 
Alexander Watt's "Electro-deposition." Revised 
and lan^ely rewritten by Arnold Philip, B.Sc. With 
numerous figures and engravings. 8vo. Cloth. Il- 
lustrated net 4 60 

Electro-Metallurgy Practically Treated. Tenth 

edition, considerably enlarged. 12mo, cloth 1 00 

The Art of Soap-Making. A Practical Hand-book 

of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a 
Chapter on the Recovery of Glycerine from Waste 
Levs. With iUustrations. Fourth edition, revised 
andenlarged. 8vo 8 00 
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WATT (AIAXANDBB). The Art of Leather Mana- 
facture. Being a Practical Hand-boolc, in which 
the Operations of Tannine, Currying, and Leather 
Dressing are Fullj Described, and the Principles of 
Tanning Explained, and many Beoent Processes 
Introduced. With numerous ilhistrations. Second 
edition. 8yo,cloth 4 00 

WBALB (JOHN). A Dictionary of Terms Used in 
Architecture, Building, Engineering, Mining, Metal- 
lurgy. Archaeology, the Fine Arts etc., with explana- 
tory observations connected with applied Science 
and Art. Fifth edition, revised and corrected. 12mo, 
cloth 860 

Weale's Rudimentary Scientific Series (Catalogue 

sent on application). 

WBBB (HBBBBBT LAWS). A Practical Quide to 
the Testing of Insulated Wires and Cables. Illus- 
trated. 12mo, cloth 100 

The Telephone Hand-book. 128 illustrations. 

146 pages, lomo, cloth 100 

WEEKES (B. W.y. The Design of Alternate Current 
Transformers. Illustrated. 12mo. cloth 1 00 

'WEISBACH (JULIUS). A Manual of Theoretical 
Mechanics. Ninth American edition. Translated 
i^om the fourth augmented and improTed German 
edition, with an uitroduction to the Calculus by 
Eckley B. Coxe, A. M., Mining Engineer. 1,100 pages, 

and 902 wood-cut illustrations. Svo, cloth 6 00 

Sheep 7 60 

^WESTON (EDMUND B.). Tables Showing Loss of 
Head Due to Friction of Water in Pipes. Second 
edition. 12mo, leather 160 

^WEYMOUTH (F. MABTEN). Drum Armatures 
and Commutators. ( Theory and Practice.) A com- 
plete Treatise on the Theory and Construction of 
Drum Winding, and of commutators for closed-coil 
armatures, together with a full resume of some of 
the principal points involved in their design, and an 
exposition of^ armature re-actions and sparking. 
8vo, cfotii 800 

WHITE (W.H.,K.C.B.). A Manual of Naval Archi- 
tecture, for use of Oflflcers of the Royal Navy, Ofll- 
cers of the Mercantile Marine, Yachtsmen, Ship- 
owners and Shipbuilders. Containing many figures, 
diagrams and tables. Thick 8vo, cloth, illus 00 
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WHEELER (Prof. J. B.). Art of War. A Course 
of Instruction in the Elements of the Art and 
Science of War, for the Use of the Cadets of the 
United States Military Academy, West Point, N. Y. 
12mo, cloth 175 

Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Cadets of the United 
States Military Academy, West Point, N. Y. 12mo. 1 75 

WHIPPIiE (S., C. E.). An Elementary and Practical 
Treatise on Bridge Building. 8vo. cloth 3 00 

WUiBJLNSON (H. !>.)• Suhmarine Cahle-Laying, 
R epairing and Testing. 8to, cloth 4 00 

WUXIAMSON (R. S.). On the Use of the Barome- 
ter on Surveys and Beconnoistiances. Parti. Mete- 
orology in its Connection with Hypsometry. Part n. 
Barometric Hypsometry. With Illustrative tables 
and engravings, 4to, cloth 15 00 

WIULIAMSON (E. S.). Practical Tables in Meteo- 
rology and Hpsometry, in connection with the use 
of the Barometer. 4to, doth 2 50 

WII.SON (GEO.). Inorganic Chemistry, with New 
Notation. Revised and enlarged by U. G. Madan. 
Newedition. 12mo, cloth 2 00 

WOODBUBT (D. T.). Treatise on the Various Ele- 
ments of Stability in the Weil-Proportioned Arch. 
8yo, half morocco ....400 

WRIGHT (T. W.). A Treatise on the Adjustment of 
Observations. With applications to GJeodetic Work, 
and other Measures of Precision. 8vo, cloth 4 00 

Elements of Mechanics; including Kinematics, 

Ki netics and Statics, ^ith application. 8vo, cloth. . 2 50 

WTIilE (CliAUOE). Iron and Steel Founding. Blus- 
trated with 89 diagrams. Second edition, revised 
and enlarged. 8vo, cloth 2 00 

TOUNG (J. EI.TON). Electrical Testing for Tele- 

fraph Engineers, with Appendices consisting of 
ables. 8vo, clotlL Illustrated 4 00 

YOUNG SEAMAN'S MANUAI.. Compiled from 
Various Authorities, and Illustrated with Numerous 
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